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A GENERAL IBM 704 OR 7090 COMPUTER PROGRAM FOR COMPUTATION

OF CHEMICAL EQUILIBRIUM COMPOSITIONS, ROCKET PERFORMANCE,

AND CHAPMAN-JOUGUET DETONATIONS

SUPPLEMENT I ASSIGNED AREA-RATIO

PERFORMANCE

By Sanford Gordon and Frank J. Zeleznik

SUMMARY

An addition to the computer program of NASA TN D-I_S_ is given that permits

calculations of theoretical rocket performance for assigned area ratios. The use

of thermodynamic derivatives to increase accuracy of interpolation in a specified

range is discussed. A sample problem is included to illustrate the use of the

program and to indicate the accuracy of the calculations.

INTRODUCTION

For various one-dimensional analyses involving rocket engines 3 theoretical

performance data are often desired for specific area ratios. These data cannot
be obtained in the same direct fashion as data for assigned pressure ratios (see

ref. i)_ inasmuch as area ratio is not a thermodynamic state function. However,

by use of thermodynamic derivatives given in reference 23 data at assigned pres-

sure ratios may be interpolated with excellent accuracy to give data for assigned

area ratios.

This report presents an addition to the IBM 7090 program given in reference

i to permit calculations at assigned area ratios. Several other minor modifica-

tions to the program were also made. These modifications are described under

the sections "Optional Reading of Thermal Data From Cards," "H,P Problem (Com-

bustion Properties Only)," "Specifying Reactants in Terms of Moles," and "Cor-

rections to Reference i."

At/w

an,bn_Cn,d n

SYMBOLS

nozzle throat area per unit mass flow rate, (sq in)(sec)/ib

polynomial coefficients



CF

c

h

hc

I

Ivac

M

P
c

Pc/P

T

x,y

E

thrust coefficient

52.174 PcAt/w3 characteristic velocity, ft/sec

enthalpy of reaction products per unit mass of reactant, cal/g

combustion enthalpy of reaction products per unit mass of reactant, cal/g

specific impulse with ambient and exit pressures equal_

(113 force)(sec)/ib mass

specific impulse into vacuum (ambient pressure equal to zero),

(ib force)(sec)/lb mass

molecular weight

chamber pressure, lb/sq in. abs

ratio of chamber pressure to exit pressure

temperature_ OK

any function

ratio of exit area to throat area

INTERPOL&TION OF PARAMETERS

Use of Derivatives for Interpolation

As indicated in reference 23 derivatives can be used to increase the accu-

racy of interpolation in a specified range. This is true because each derivative

is approximately equivalent to having an additional point in the specified inter-

val. For example_ if only the functions are known at two points_ only a linear

interpolation equation is possible. However 3 if the first derivatives of these

functions are also known at the two points 3 a cubic polynomial may be derived.

With second derivatives also known at the two points_ a quintic polynomial may be

derived.

The general form of the equations used to determine the quintic polynomial

coefficients an are

y = anX (i)
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(2

_Y :_x_ (_ + 1)(n + _)(a_+_)_n (3

The six coefficients an are determined by the solution of the six simul-

taneous equations obtainek from equations (i), (8), and (S), where each equation

is evaluated for two values of x. With coefficients determined_ equation (i)

is then used to obtain interpolated values of y for other values of x.

When second derivatives are not available_ cubic polynomial coefficients

an(n = 0, i, 2, S) are obtained from equations (i) and (2) (with terms a4 and

a 8 omitted), where each equation is evaluated for two values of x.

Interpolation Equations

The equations used to obtain the interpolated parameters are as follows:

5

Pc E an(in c)nin -_-=

n=0

(4j

S

n:O

(5)

[5

in M = cn n

n=O

(6)

5

(7)

CF - .
O

32.174 1
(s)
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Ira c = I +p c £ (9
C

$2.174
P

12
i000 (lOh:hc 2

(294.98)

Equations (4) to (7) are of the form of equation (i). In reference 2, the

logarithmic form for the functions Pc/P_ T, M 3 and e and the fol_ !2 are

shown to be preferable to the linear form for accuracy of interpolation. The

coefficients in equations (4), (S), and (6) are determined by means of equations

(i) and (2), and the coefficients in equation (7) by means of equations (i), (2)

and (S)_ as described in the previous section. The order of calculation is,

first_ to interpolate a value of pressure ratio corresponding to an assigned are

ratio by using equation (4). This interpolated value of pressure ratio is then

used in equations (5), (6), and (7) to interpolate corresponding values of T, M

and I. The interpolated values of Pc/P and I are then used in equations (8)

to (iO) together with the assigned value of e and values of hc and c
known from the combustion and throat conditions to obtain corresponding interpo-

lated values for CF_ Ivac, and h.

Accuracy of Interpolation

An indication of the accuracy of interpolation may be obtained from a sampl

problem. It is expected that accuracy of interpolation should be least for thos

propellants that have considerable dissociation of combustion products due to

the effect of changing compositions during expansion. Therefore_ a propellant

that has a high combustion temperature_ 4415 ° K_ and consequently considerable

dissociation was selected for the sample problem. The fuel is a 50-50 mixture b

weight of hydrazine and unsymmetrical dimethyl hydrazine_ and the oxidizer is

fluorine. The propellant is at an oxidant-to-fuel weight ratio of 2.5 and a

chamber pressure of i000 pounds per square inch absolute. The same thermodynami

data were used as for the sample problems of reference !. The schedule of as-

signed area ratios selected is 2.5_ S_ i0_ 15, 26_ 40_ 50_ 60_ i00_ SO0_ and 500

all on the divergent side of throat. The schedule of pressure ratios chosen to

cover the range of these area ratios is S_ i0_ SO 3 i00_ SO0_ i000_ SOO0_ i0_000

and S0,O00. The results are given in tables I and II. Table I contains the

results for combustion_ throat_ and the schedule of assigned pressure ratios for

equilibrium composition during expansion. Table II contains the interpolated

values of table i data for the schedule of assigned area ratios.

To check the accuracy of the interpolated data 3 the interpolated pressure

ratios of table II were read in as a new schedule of pressure ratios. The

directly computed data for these pressure ratios are given in table III. A com-

parison of tables II and III shows that all the interpolated data except vacuum

specific impulse 3 temperature_ and molecular weight are correct to all figures

tabulated for all the assigned area ratios. Vacuum specific impulse is correct

4



to all fi6ures tabulated except for the area ratio of 60; where it is off by only
one unit in the last place. Temperature and molecular weight are also correct to
all fisures tabulated for about half of the area ratios. For the other area
ratios_ molecular weight differs by i to 3 units in the fifth figure and temper-
<<tureby i or 2 units in the fourth figure.

The sameexcellent accuracy of interpolation was obtained for several other
problems checked. In general; it is felt that no closer spacing of initial pres-
sures will be needed to obtain interpolated data that are good to about the same
_umberof significant figures as tabulated in table I for the original data.

To check the accuracy obtainable with fewer initial pressure ratios; a check
similar to that given in tables I; II_ and III was madej except for starting with
a short pressure ratio schedule of 10; 100; i000, and i0_000 (besides combustion
and throat). In this case; specific impulse was correct to all figures tabulated.
Vacuumspecific impulse was correct to all figures tabulated except for area
ratios of i0 and 25_ where it was off by 0.i pound-second per pound. Temperature
was off from 0° to 7° and molecular weight from 0 to 0.017. Other problems that
were checked gave about the sameresults. Therefore 3 for manycasesj the short
pressure ratio schedule will also permit excellent accuracy of interpolation.

As e}_ected; the sametJpe of check for frozen composition performance gave
even better interpolated results than the check for equilibrium composition per-
formance due to the sbsence of the recombination effect on the data.

COMPUTERPROGRAM

In addition to the area-ratio-interpolation option; several modifications
and corrections to the program of reference i are discussed in the following
sections. Since the IBM 704 is no longer used at this Research Centerj these
changes to the program of reference i have been madefor the IBM 7090 only;
except for the few corrections to the IBM 70Aprogram.

Area-Ratio Interpolation

In order to include the area-ratio-interpolation option in the program
presented in reference 1; it was necessary to add the new routines SANFO_SET_
MGAUS_and EXITT and also to makea few modifications in the existing routines
MAINPROGRAM,CORES,PERPAR;and VAR. The FORTRANlisting of the IBM 7090
program containing these new routines and modifications is presented in appendix
A. Those statements in the modified subroutines that differ from those of refer-
ence i_ to permit area-ratio interpolation_ are indicated by the typed words
"area ratio" that appear to the right of the statements.

Optional Reading of TheI_al Data from Cards

In addition to the program input to be discussed in the section PROGRAM
INPUTDATA_thermodynamic data must be supplied to the program. These data are



assumedto be available as a master data tape that must be loaded onto tape
handler number four at the start of computation and unloaded whenthe computa-
tions have been completed. Since this master data tape is used for both reading
and writing 3 it cannot be file-protected. Loading and unloading the data tape
are time-consuming and costly. Unless a tape handler is available for the exclu-
sive use of the thermodynamic data tape, it is more economical to makethe data
tape from binary cards than to stop the computer for loading and unloading the
data tape. The following changes will permit operation in this fashion: For
the IBM 7090 program, replace card number123, page 87 of reference I (PAUSE
iiiii) with

5000
REWIND 4

CALL BC_AD (mTA(44), DATA(l))

DATA(23) = DATA(26)

WRZ TAPE4, (DATA(X),X = l, Z3)
ZF 5000,  25, 5000

Also remove card number 3323 page 88 of reference i (PAUSE 77777). The corre-

sponding change for the IBM 704 program involves replacing card number 1063

page 50 of reference i (PAUSE iiiii) with

5OO0

S

S

S

REWIND 4

CALL BCREAD (DATA(44), DATA(l))

DATA (25) = DATA( 26 )

WRITE TAPE 43 (DATA(I), I = 1, 23)

CLA DATA (1)
SUB END

TNZ*5000

and removing card number 4323 page 55 of reference i (PAUSE 77777). If these

changes are made, the master data tape is no longer needed but the equivalent

binary cards must be available. These can be made from the master data tape.

These changes use the subroutine BCRF_D (AsB) . This subroutine is part of

the computer system at Lewis and is given in appendix B. Its only function is

to read the absolute binary cards punched by a companion subroutine BCDUMP (A,B)_

which is also given in appendix B. These subroutines are given in FAP, with the

assembled binary equivalents appearing to the left of each instruction. The

BCRFTLD subroutine is assembled on four binary cards, while BCDUMP is on seven

binary cards.

In both subroutines the arguments A and B are the first and last words_

respectively, to be read or punched 3 and the address of A must be less than or

equal to the address of B. In FORTRAN 3 arrays are stored in reverse order.

Therefore, in dumping or reading the array DATA (I)_ the last member of the ar-

ray, DATA (44), is dumped or read first, since its address is the lowest of the

entire array. Each binary card contains 22 words of information, and thus,

since the data for each species require 25 words (see fig. 6 of ref. i), two

cards are required for each species. The second of each pair of cards contains

the first 22 words. The first card of each pair contains the first three words

of the record_ for identification purposes 3 plus the 23rd word. These two



subroutines are not essential and can be replaced by any equivalent subroutines
or sequenceof instructions.

In the event thermal data are read in as binary cards_ they are considered
as part of the input and precede the input cards described in table V. The last
pair of binary cards contains the word ENDin DATA(i).

H,P Problem (Combustion Properties 0nly)

A few modifications were madein the subroutines MAIN, CORE2_and HEADin
order to permit obtaining combustion properties for a series of pressures. These
modifications are indicated in the program listings in appendix A by the letters
"H_P" that appear to the right of the statements.

A sample output for an H,P type of problem is given in table IV. The same
thermodynamic data were used as for the sample problems in reference i. The
input for the H,P problem is discussed under PROGRAMINPUTDATA.

While the program of reference 1 can produce the sametype of combustion
information whenrun as an H,S problem, data for only one assigned pressure
rather than for a series of pressures can appear on the sameoutput sheet. In
addition, the H_Pproblem does not calculate throat data, as the HjS problem
does_ which are not neededwhen only combustion properties are desired.

Specifying Reactants in Terms of Moles

The subroutines MAIN, INPUT, 0UT_and CORE5and the format of the reactant
card (card type I, table V) were modified in order to permit the option of speci-
fying either the numberof moles or the relative weights of reactants. In the
program of reference i, only relative weights can be specified. The program
modifications are indicated in the program listing in appendix A by the typed
word "moles" appearing to the right of the appropriate statements.

The modifications to the reactant card format are discussed under PROGRAM
INPUTDATA.

Shift Functions

To avoid a possible source of error in the use of the four shift functions
ALSF(N,X), ARSF(N,X), LLSF(N,X), and LRSF(N,X) discussed on pages 24 and 25 of
reference i_ it should be noted that these functions do not destroy the contents
of the multiplier-quotient register C(_), although C(MQ)maybe altered as a
result of the shifting. This fact is used in someportions of the program to
avoid storing C(MQ). Therefore, any routines written to replace these functions
must not destroy C(MQ). Appendix D presents the FAPcoding for an acceptable
subprogram of the function type that can be used to replace the four shift func-
tions.



Corrections to Reference i

Equation (47) of reference i is given incorrectly. It should be

yg 0
Several errors in the IBM 7090 program appear in subroutines MAIN_ CORE23

INPUT_ and CORE4. In the program listing of these subroutines in appendix A_

the corrected statements are indicated by the typed word "correction" that

appears to the right of the statements.

The corrections to the IBM 704 program are given in appendix C.

PROGRAM INPUT DATA

Table V presents six types of input cards. Five of these types (i_ 2, 3_

4, and 6) were discussed and given as table VIII in reference i. The following

sections discuss the changes in input for the area-ratio-interpolation option_

the H3P problem_ and the specification of reactants in terms of moles.

Input for Area Ratio Interpolation

The new type 5 card_ the area-ratio schedule_ permits area-ratio interpola-

tion as an option. It should be noted that in the input of reference i only one

blank card follows the schedule of Pc/P (or P or T). In the modified program

presented herein_ however_ two blank cards follow the schedule of Pc/P
(or P or T) if an area-ratio schedule is not included.

If the interpolation is for area ratios all on the divergent side of the

nozzle_ a maximum of 13 assigned area ratios is permitted. If interpolation is

for area ratios all on the convergent side or on both sides of the throat_ a

maximum of only 12 assigned area ratios is possible_ since a dummy area ratio of

unity is needed. On the area ratio schedule cards_ the convergent-side area

ratios must be first_ followed by unityj and then the divergent-side area ratios.

If only divergent-side area ratios are desiredj they need not be preceded by

unity.

The schedule of assigned pressure ratios should be selected to cover the

range of the area ratios desired. The pressure ratios_ following combustion

and throat_ should be in ascending order. As in reference i_ 25 pressure ratios

are still permitted if area ratio interpolation is not desired_ however_ only

ii pressure ratios in addition to combustion and throat are permitted when area-

ratio interpolation is desired. As indicated in the section o_ccuracy of

Interpolation'_ll pressure ratios will usually be more than sufficient.

Input for HjP Problem

The H_P problem is specified by the code H_P on the problem card (card type

3, table V). The rest of the input for the H_P problem is the same as for the

8



H_Sproblem except that in the former case the schedule cards (card type _
table V) contain assigned pressures in atmospheres_whereas in the latter case
the schedule cards contain assigned pressure ratios.

Input for Specifying Reactants in Terms of Moles

For the program of reference i; columns %6 through SS on the reactant card
(card type i, table IX, ref. i) were reserved for specifying relative weights
of propellants. This reactant card has been modified to reserve columns 4G
through 52 for specifying relative weights or numberof moles. If relative
weights are being specified, column SS is left blank. If the numberof moles is
being specified, the letter "M" (for moles) is keypunched into column SS. For
each problem, either all of the reactants must be specified as moles or all of
them must be specified as relative weights°

Two examplesof reactant cards with the new format are given in table VI.
Whenspecifying the reactants in terms of moles_ the first SOcolumns for _,
0/F; and _F on the mixture card (card type 8, table V) maybe left blank.
this event, the number of moles of fuel relative to oxidant is assumedby the
program to be as given on the reactant cards° If I on the other hand, O/F_ _
or _ is specified on the mixture card3 the number of moles of fuel relative to
oxidant is adjusted accordingly.

AVAILABILITYOFPROGRAM

As indicated on page 25 of reference 13 the source program decks will be
madeavailable to qualified computing centers if a written request is addressed
to the authors at the Lewis Research Center. The IBM 7090 program supplied will
include the changes given in this report.

Lewis Research Center
National Aeronautics and SpaceAdministration

Cleveland30hio_ April 23_ 1965



MAIN PROC_AN

COMMON C
EQUIVALENCE

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

EQUIVALENCE
EOU[VALENCE
EQU[VALENCE
E_U[VALENCE

EQUIVALENCE
EQUIVALENCE

EQUIVALENCE

EQUIVALENCE
E_UIVALENCE

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

EUUIVALENCE
EQUIVALENCE
EOUIVALENCE

EQUIVALENCE
EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE
EQUIVALENCE

EOUIVALENCE
EQUIVALENCE
EQUIVALENCE

EQUIVALENCE
EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQLIIVALENCE

EQUIVALENCE

EQUIVALENCE

E_UIVALENCE
E_UIVALENCE
EQUIVALENCE

EQUIVALENCE

EQUIVALENCE
EQUIVALENCE

EQUIVALENCE

EQUIVALFNCE

EQUIVALENCE

EOuIVALENCE

EQUIVALENCE

EQUIVALENCE

E_UIVALFNCE
EQUIVALENCE
EUUIVALENCE

EQUIVALENCE

EQUIVALENCE

EOUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE
EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE
EOUIVALENCE

EQUIVALENCE

APPENDIX A

PROGRAM LISTING FOR IBM 7090

(GIt), C(t))v

(ANSI1), C(4211I,

(HSUM, C(42411

(WTMOLv C(42611

(gLMPTt Cl428))

(OAMPA, C(430))

{VMACHt C1432))

(VACIt C(43411

(RHOI, C(437))

(RNOj C1439))

I) PI, C(440)),

(EP PI, C(4421)F

IT ETA, C(445))
(ErA 1, O(646)),

(AW ETA, C(4481)_

ISIG I, C(4511),

{AW SIG, C14531)

(G(4201, C1420)

(ANSIk54), C1874)

(SSUM, C14251

(CP, C(427)
(DLMTP, C(429)
(ARATIO, C(431)

(SP IMP, CI4331
(CF, CI436)

(RHOVACt C(438)

(Pl Iv C(441)

(AW PI, C(443)

(EP ETA, C14471)

(T SIG, C(450))

(EP SIG, C,145211

lANSLAB(11, C1875))t [ANSLAB(4541, C(132811

IFORM(]I, Cl1329)), (FORM(15), C(1343))

IELNT(tlj C([34411, (ELMT{151, C(1358))
(LI.MT(1)_ C(134411_ {LLMTlIS), C(1358))

(DATA(IIt C[1359)), {DATA(23)v C(13811)

(MDATAII), C113591), (MDATA(23), C11381))
(ENII), C11382)1, (EN(90), C(1471)I

(ISYS, C{14721I, IJEAN, C(14731)

(ACX, C(147411, (ACF, C1147511

(AMXp C11476])T (AMF, C(147711

(RHOXs C(147H11, (RH_F, C(147911

COEFX(I), C(149011_ (COEFX(20), C(149911

DXII), C1150011, (DX{20I, C115[9)|

Ff]RMLA(1), C(15201), IFORMLA(181, C(1537))

MNLA(t), C11520)), (MMLA(1811 C(1537))

PROD(1), C1153811, (PROD(3), C|I5401)

SYSTMII), C(1541)), (SYSTMII51, C(1555))

MISYSII)w C(15411)f (MTSYSII5)t C11555))

OF, C(1556))_ (FPCT, C11557))
CORAl, C|155811

IKODE, C(155911, (KASE, U(15601)

KONT, C(1561)), (NF, 6(15621)
NO, C(1563)), (NE, C(1564))

NOEQ, 01156511

BOX(tl,
BOF(I),
HX,
VXPLS,

VFPLS,

EN LN(I),

(bEL N(1)t

(HO(I],

(SII),

IXll),
IOELTA(11,

(B0(11,

(PO,

ISO,

iT,

(AAY,

(HC,

(PCP(1),

(OATU_(II,

(PC,

(IPROBt

(INS,

(ISYM,

{IDID,

C{1771))

CI17861)

C(1801))

6(180311

C(1805))

C(1861 )

C(195] )

0(2061 )y

C(2131 1,

O12221 },

C12241 ),

6(2261 ),

C122761|,

C1227911,

C(22801),

Cl22821),

6(228_)1,

C1228611,

C(2311)),
0(231411,

C(23161),

C(2319)),

C(2320)),

C12322)I,

(BOX(IS),

(BCF(15),

(HF, C

(VXMIN, C

(VFMIN, C

IEN LN(90), C

(GEL NI�O), C
(H_](9C]t C
(S190), C
IX(2O), C

(DELTA(20), C

(B0(15), C

IHSU80, C
IT IN, C

[AAY L_, C

CPSUMt C

TO LN, C

PEP(25),

DATUM(3)t

TC,

IFIXT,

ICOND,

IPROD,

LCRUMw

C 17851

C 18001

18021

18061

18061

19501

204O)

2130))

222011
2240))

22601)

22751)
22771)

227911
228111

228311
22851)

C 231011
C 23131)

C 23151)
C(2317))

C(2319])

CI232111

C(2323))

0_01

0002
OOu3
0004
0_05

0006
O001

0008

0309

0010

0111
OCL2

0013

0014

01L5
0016
0017

0018
0019
0020

0021
0022
0023

0024
0025
0026
0]27

U028

_029
0030

0)31
0032
_0_3
0036

0035
0036
0<)37

0038
0039

0040

b041
0062

0043

0066

0045

0066

0067

U048

0069

0050

0051
0052

_053

0054
0055

0056

b057
0058

0059
0060

0061
0062
0063
0066

u065

0066
0067

0068
0069

i0



C

C

B1

B

B

B

B

B

B

8

8

B

C

C

C

c

EQUIVALFNCE

ECUIVALFNCE

FQUIVALENCE

ECUIVALENC5

EI_U IVALFNCE

E_UIVALE_;CE

E_UIVALENCF

E_UIVALENCE

[OUIVALENCE

E_UIVALENCE

ECUIVALENCE

EQUIVALENCE

II_UIVALENCE

EQUIVALENCE

F_UIVALF_4C£

ECUIVALENCE

E_UIVAL_NCE

E_UIVALENC[

rQUIVALENCE

EQUIVALENCE

E_UIVALFNCE

EQUIVALENCE

F_GIVAL_f_CE

EQUIVALENCE

EQUIVALENCE

E_UIVALENCF

EQUIVAL_KCE

EQUIVALENCE

E_UIVALENCE

{ICRM_ C(2323

(Lt C(2325

IN, Cl2327

IN, C(232_

(ICl, C(23_I

II_3, C(2333

(IMATp L12335

(IAIIB, C(2336

(ITAPE_ C(233_

(IUE_UGt C(236_

(A(l)t C(2362

(COFFTI(1),

)I KDRUM_

), LI,

), MI,

), I_,

), 1_2_

), gMAfw C

), IbSE, C

), IINUMt_, C

), P, C

), IFRUZ, C

), (A(I350), C

Cl3692)), CCOEFTI(135C,

(COFFT211)_ C(5042)), (CUEFT2(1350)

(C[)_FI(1)_ u(6392)), (COEFT(I3bO)

C 2324)

C 2326)

C 2328)

C 2330)

C 2332)

2334)

2335)

2_31)

2339)

2341)

J691)

, C(5041))

C(&391))

C(??4I))

(AT()M(I), CI7742))) (ATCM(303), C(B044))

[_ATO_(1)) C(t742)), (MAIOM(3G3), C(804k)

(KDRE_ C(_047))

{Nl)Dk, l)

(HS,MtIS))(IS,MTS),(PT,_PT))ITP,MTP),(I)EIIMDET

(PROB,MPRO£),(END,_FND)

(T_LM_M[MLM) , (8LKtMBLK)

(NAKEA,CII0607))

lSAREA(1),CItO6uB)),ISAREA([_l_C([0620))

(IUNDER_C(I0621))

(lQVERtCIIO622))

lKSAN,C(IC623))

(WX,C{I0624))

(hE,EEl0625))

(H P)MHP)

OtNFNSIQN SAREA[IJ)

DIMENSION G(20,21), A(15)90)) EN(90))

I;IPENSION DEL N{90)_ NO(90)_ S(90)_

DIMENSION DELTAI20)) 80115), PCPI251_

_INENSION CUFFX[20)_ OXl20)) FORM(t5)

DIMENSION CUEFII(IE,90) , COEFT2(IE_90)

DIPFNSIDN FLMT(IE), UATA(23)_ DATUMIJ))

DIMENSION bqX{15)) BOF(I5)_ ANS{454),

DIMENSION LLMT(lb},MTSYS(15))MDATA(23)

DIPENSION ANSLA_{454)_ COEFT(IS,90)

DL_NSI()N _ATQF(IOL_3)_ ATQM(IOI_3)

EN LN{93)

X(20l

PRI]D(3)

FOHMLAII8

SYSTM(IS)

S=307362606060

T S=631362606060

P T=477363606060

T P=63734?&m6060

DEI=242563g560_O

ENU=259524_C6060

PtK=OOCO00CO008C

DMIT=qLqa31636Pb_

l)_i=6oco_;eccBoco

H P=307347(O6E_O

REAl) IN INPUT UATA

IF (ISYS-9£) _CI,403_4_1

403 READ TAPE 3,(G(11.[=[,8¢4_)

REwIN_ 3

IF (SENSE SWITCIi 6) 651)?[9

401 ISYS=gg

IFRO/=C

PAUSE iiiii

_29 CALL INPUT

IF It) 6£1,651,433

433 WRITE OUTPUT TAPE 6,443) HX,VXPLS)VXMIN_HF_VFPLStVFMIN

i_ (ELMIII),_OX(I)_BOF(1)tI=I_L)

443 FORMAT (IOFIOXIDANT 3EI6.6110H FUEL 3EIB.61(IH A6)2E20.8))

RIG_T ADJUST _LEMENT SYMBOLS

f:O 447 K:I)L

TMLM = FLMTIK)

FLMT(K] = ARSF(24_ TMLM)

0070

CC71

0072

C073

007_

007)

0076

12i)71

0078

0079

0080

0082

0_B3

U084

_©85

0086

0087

COBB

0089

OO90

Area ratio

Moles

Moles

Moles

H,?

009t

Area ratio

C3q2

0093

0094

0095

-'396

C091

0098

0099

OtbO

r)lO1

OLJ2

0tO3

_I04

0105

910_

=I07

clOB

CliO9

OllO

OIl1

H,P

113

_tl4

_iI_

_ll6

_tl7

Ot18

QLI9

0120

Or2[

0t22

3123

0124

0125

0126

0127

t128

9129

0130

C131

0132

L133

0134

!I



TMLM = ELMT(KI *000000000077 Ci135

IF (MTNLM-PBLK) 447,1447,447 0136

1447 IMLM = EtMT(K) Ol3t

FLM[IK) = ARSF(6, TMLM) 0138

447 CONTINUE 0139

IFISYSTM(L+l))453,920,453 0140

920 IF (SYSTM(L)} 921,453,921 4141

921 00 449 K=I,L 0142

DO 448 J=I,L v143

IF (LLY[IK|-MTSYSIJ)) 448,449,448 0144

448 CONTINUE 0145

00 Tn 653 0146

449 CONTINUE 0147

C 0148

C CANCEL ---CMITS---FROM PREVIOUS PROBLEM 0149

C 0150

452 DC 145Z J=I,M 0151

COEFTI(I,J} = DMI 0152

CCEFT2{I,J| = CMT 0153

1452 COEFTIIgJ) = DMT 0154

IUSE=I 0155

GC [0 598 0156

453 DO 459 K:IpI5 0157

459 SYSTM(K)-ELMT(K} 0158

CALL SEARCE 0159

598 IF (IUS[-2) 600,635,635 0160

C 0161

C SET ARRAY PR{ID TO BYPASS ALL CONDENSED PHASES 0162

C 0163

605 PROI){I)=O,C 0164

PRDD(2)=O.C :3185

IF (M-35) 198)198,i198 0166

1198 IF (M-70) 199,199,I199 0167

1199 IF (M-90) 200,200,635 C168

B198 PRUD(2)=377777777777 0169

B PRO[)(3) = _77777777777 0170

T_P=PRCD(2) 0111

PROD(1)=ARSF(M,IMP) 0172

00 I(] 201 0173

199 R[2 = M-35 0174

B PR_I](3) = 377777777777 Ul75

T_P=PRDD(3) 0176

PROI)I2)=ARSFIMI2,TMP) 0L77

GC TO 201 0178

200 MI2 = M-7C 0179

B PRDL}(3) = 377777777777 0180

TMP=PRCD[3) C181

PROD(3I:ARSF(MI2)TMP) 0182

201 IQ=L 0183

IQI =Ig+l D184

I_2=101+1 0185

103=IQ2+1 0186

LI=IQI 0187

PL=M+I 0188

C 0189

C DETERMINE WHICH GASEOUS SPECIES SHOULD BE OMITTED FROM THE PROBLEM 0190

C AND WHICH CONDENSED SPECIES SHOULD BE USED IN THE FIRST ITLRATIUN _191

C 0192

203 READ INPUT [APE 7,204,(DATAII),I=I,8) 0193

204 FORMAT (4(2AB,3X)) 0194

SJW=I:ATA(1)*I-DMT) 0195

B IF(_JW)207,220,207 0196

207 00 213 K=1,4 0191

00 211 J=I,N 0198

00 208 I=2,3 0199

KK=2*K÷I-] 0200

B SJW=DAIA(KK)*(-C_EFT2(I,J)I 0201

IF(SJW)211,20_,211 0202

208 CCNT[NUE 0203

IF (J-P) 2C9,209,210 0204

209 CALL BYPASS (J,2) 0205

11209 GO TD 213 0206

21C CALL BYPASS (J,3) 0207

11210 GO TO 213 0208

211 CONTINUE 0209

213 CONTINUF 0210

GO r(] 20_ 0211

12



220 CONT[NUF

{)C 222 J=I,M

CALL BYPASS(J,I)

IF (IPROU - 2) 221,222,221

221CUEFII(I,JI = OMIT

CUEFI2IIpJI=OMIT

222 CONTINUE

ARRANGE ANSWER REGION

I=I

DO 602 J=I,N

ANS ( [ ) =CC]EF T2 { I , J }

ANSI I÷I):CCFFT212,J)

ANSi [÷Z )=CE_ FT2 ( 3,J )

ANSI[÷5) = C.C

602 1:1+4

K=4aN

6,05 I=K÷34

ANSi I )=ANS{K)

K=K-I

IF (K) 651,607,605

607 P,O 609 K=I,34

60g ANSIK) : C.O

DO 1700 K: I, 454

1700 ANSLABIK) = ANSIK}

_0 1701 J = 1, 15

130 1701 K = I, 9C

1701 COEFTiJ,K) = COEFTIIJ,K)

C

C

C

700 IFROZ=I

701 READ INPUT TAPE 7,703,PROB,KASE

703 FORMAT {A5,15)

IF (MPR(]B-_HSI 7c5,q01,705

901 IPROB=L

GC [0 115

705 IF (MPROB-FTS] 707tq02,107

902 IPRCfI=2

CO TO 715

707 IF {MPRFIB-I"PI) 70q_.q03,709

q03 I PRI]II= 3

GO TO 715

709 IF IMPROB-WTP) 711,904,711

gO4 [ pR(]B:q

GO TO 715

711 IF (MPROB-M[3ETI 713,905p713

905 IPROB=I

IFRgZ=-I

GO T(' llq

713 [F iMPROI_-wHP) gC01,90C0,9C01

9000 1PRF)[_= 5

(;C It! 115

9001 IF (MPROB-.VT) 631,429,_31

715 DO 716 K=1,25

716 PCP{R)=C.O

] =_:

1716 READ INPUT TAPE /,71Bt(GIKI,K=I,5)

IF (G{ I )11719, i II'3, 717

717 C_ 1711 K=I,5

IK:I+K

1717 PCP{ IK)=I;(K)

1=I÷5

GO TO 1716

718 FCR,_ATI5FIC.2)

C

C

C

2n13

2 ?'<n i

DETERMINE THE TYPE: OF PROBLEM

2002

READ IN AREA RATIO SCHEDULE

IK : i

REAO INPUT TAPE 7,718,(CiK),K=I,5)

IF (G(I)) 2001,2003,2001

DD 2002 I=I,5

ANS(IK) : GIll

IK = IK÷I

CO TO 2013

v212

J213

0214

0215

L216

C217

0218

0219

0220

t221

0222

0223

0224

_225

0226

C227

0228

0229

0230

0231

0232

G233

0234

u235

5236

C237

O238

_239

0240

C241

0242

U243

0244

C245

0246

9247

C248

1249

0250

C_251

C252

0253

0254

6255

0256

<;257

0258

0259

6260

C26I

C_262

I HiP

0264

U265

0266

0267

Area rat!o

C269

C270

0271

E272

0213

0214

0275

l Area ratio

15



2003 NAREA=C

IF(IK-1)20CA,719)2004
2004 IUNBER=9

[;0 2005 [=1,13
[F(ANSC[))2011,2010,2011

2011 IF (ANS(t) - I.OCO01) 2006,2006,2007
2007 NARFA = NARFA÷I

SAREA (NAREA)=ANSII)

GO [0 2Q05
2006 IUNDER = MARE&
2005 CONTINLE

2010 IOVER=&AREA-IUNDER
C

C
C

719
721

CFIEKMINE THE ASSIGNED VALUES FOR IHE PRUBLEM

READ lhPUf TAPE 7,72[tEORAT,O F,F PCT,PC,TC,KODEjIDEBUC

FCR_Af (SFIO.2,15,16Xtlt)

IF IEORAT) 725,725,723

723 0 F=I-CORAI*VFMIN-VFPLS)/(VXPLS+EQRAI*VXMIN)

F PCT=IOC.£/II.O÷O F)

GC TO 745

725 IF (0 F) 73[,7311727
727 F PCT=IO0.C/(I.O+O FI

729 E_RAI=C F*VXMIN+VFMIN

IFIF_RAt)gCSO,745,9050
9050 E_RAT:ABSF((O F*VXPLS+VFPLS)/EQRAT)

GQ TO f45

731 tF(F PCTIgC51,9051,733
9_51 IF (PC+IC)_052,700,9052
qK52 IF(KSAN)g053.7CO,9053
9063 _ F=WX/WF

GC TO 727
?33 0 F-{ICO.O-F PCI)/F PCI

IF (G F) 719,[733,729

1733 IF (VFP[r_) 729, 746,729

745 IF (0 F) (t9,7461746
746 DD 747 [=I,L
747 BO(])=Ifi F*£©XIt)+BOF(1))III.O÷# F)

IF (IPROB-I) 65t,749,7A_

748 IF (IPRUS-5) 9002,749,651
9_C2 HSL_O=C.O

GO TL) 755

749 HSU£O={O F*HX+HF}I(1.0+O F)
755 w_ITE CUTPUT TAPE 6,760vKASE,PRDBIQ F,F PCI,EQRATtPCwHSUBO,

I li_ntl),I-I,L)

760 FOI{;VAI (IHIISp3X,A6/[H 4EIl.8/ItH 7E17.8))

HSU_O=ESUHC/I.qR126

CG 1/71 l = i, 454
1771 ANS(I) = ANSLAS(I}

RHU-RHOX+D F*RHOF

IF (RHC} 772t772,771
771 RFO-II.O+D F)*RHDX*RHOF/RHD

772 DC !77Z I = 1, 454

1772 ANSt_AB(1) = ANSIt)

77b IF (IFRQI) 777,651,779
777 CALl CCRF4

IF (KORF) I,/79,1

7t9 CALL CQRC2
CO lO 1

ERROR PRINt OUT

631 WRITE CUTPUT TAPE 6,633,PROB,KASE

633 FORMAT (2!FITHERE IS NC PROBLEM A6,2X,15)

GfJ TD 651

635 WRITE QUTPbT tAPE 6,63?
637 FORMAT (47FITROUBLE IN COMPILING MASTER THERMODYNAMIC TAPED

REWIND 6

630 REAl) TAPE 4,(DATAtI)_I=I,23)

WRITE CUTPLI TAPE 6,640,(DATAII),[=I,23)

64C FORMAT tIH _AT,2FIO.I/(IH 2FB.I,7E!4.6))

IF IMDAIA(1)-MEND) 639,900,639

gO0 WRIIE OUIPbT TAPE 6,643, ((COEFT!{KvJ),K=I,IA),J=I,N)

WRITE CUTPbT TAPE 6_643v ((COEFI2(KpJ)_K=I_IA),J=l_N)

643 FORMAT (IH 3A6,2FI5.2/ZF8.1,IEI2.4//)

6Sl RE_IND 4

PAUSE 77777

-Area ratio

J
C'276
0277
0278

0279
0280
0281

0282
0283
0284

0285
Correction

Correction

Correction

0287

I Mole8

0289
C290
0291

C292
0293
0296

0295

X,P
0297

0298
0299
0300
0301

0302

0303

0304

0305
0306
0307
0_08

0309
0310
o311

0312

03!3
0314

0315

0316

0317

0318

0319

0320

0321
0322
0323

0324

0325
0326
0327

0328
0329

0330
0331

0332

14



SU_RCUTINE SEARCH

COMMON C

EoUIVALENCE

EOUIVALENCE

EQUIVALENCE

F_UIVALENCF

EQUIVALENCE

F_UIVALFNCE

E_UIVALENCE

EQuIVALENCF

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

FQUIVALENCE

EQUIVALENCE

EQUIVALENCE

ECUIVALENCE

F( UIVALENCE

E_UIVALENCE

EOU IVALENCE

FCUIVALENCE

[_UIVALFNCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

ECUIVALENCE

EQUIVALENCE

E_UIVALENCE

FQUIVALENCE

EOUIVALENCE

EOUIVALFNCE

ECUIVALENCE

FQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

ECUIVALENCL

EQUIVALENCE

(G(1),

(ANSII)t

(HSUMt

IWIM()L,

(I)LMpT_

(VMACH,

(VACI,

(RHOI,

(RICO,

(T Pl,

(EP PI,

(T ETA,

(FTA I,

IAW ETA,

ISIG I,

(AW SIG,

C(lllt (G(420),

C{42111_ (ANSI454),

C(424)), SSU_t

C1426)), CP,

C(428)), OLMTP,

C(430))r ARATIG,

C(432)), SP IMP,

C(434)), CF,

C(437)), RDOVAC,

C(439))

C(440)),

C(4421),

C(445II

C(44&)1,

CI448)1,

C(451)),

C(453))

CIg2])}

CI874)1

C(425))

C(42711

C(429))

C1431)1

C[433))

C14)6)l

C143811

(PI I, CI44111

(AW Pl, CI443)1

(EP ETA, C{447))

IT SIG, C(450))

(EP SIG, C(452))

IANSLAB(I), C1875)1, lANSLAB(454), C{1326))

(FUHM(1), C([32_)), |FGRM(15)_ C(1343))

(FLMT(1), CIl344)), (ELMTII5), C(1358))

ILLM[(I), C(1344))t (LLMT[15), C(1358))

IDATA(1), Clt35q))I (DATA(23}, C(13BI))

(MDAIA(1)w C11359)), IMOATAI23)w C(1381))

(ENll), C(1382)), IENIgO), C(1471))

(ISYSt C11472)), (JEANt 0(1473))

(ACX, C(1474}}p (ACF, C(1475))

(AMX, C(1476)), (AMFt C(1477))

(R_PXt C(1478)), |RHOF, C(1479))

(COEFX(1)r C(1480)), (COEFXI2C), C([499))

(OX(I), C(1500)), IDX(20), Cl1519)l

(FORMLA(I}r C(1520))_ IFORPLA(18)t C(1537))

(MMLAII)t C(1520))r (MMLA(18), Cl1537))

(PROD(l), C(1538)), (PROD(3), C[1549))

(SYST_(1), C(1541)), (SYSTM(15), C(1555))

(MISYS(1), C[1541)), [MISYS(15), CCL555)

(nF, C(1556)1, (FPCT, C(1557))

(E_RAT, C(155_I)

EOUIVALENC

ECUIVALENCE

EQUIVALENCE

E_UIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

FOUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

E_UIVALENCE

EQUIVALENCE

FOUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

FgUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

F_UIVALENCE

EOUIVALENCE

FQUIVALENCE

EQUIVALENCE

EQUIVALENCE

E_UIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

E (KGDE, C(1559)), [KASE, C(1560))

KONT, C(1561)), (NF, C(1562)

NO, CI1563))t {NE_ C(1564)

NOEQ, C(1565))

BOXII),

BOF(I),

HX,

VXPLS,

VFPLS,

EN LN[I),

[)EL N{I)_

(HO(1),

SIll,

X(I),

DELTA(I),

BOil},

SO,

(AAY,

(HE,

(PCPll),

(DATUM(If,

(PC,

(IPROB,

(IHS,

(ISYM,

(IDID,

(IDRM,

(L,

IN,

(101,

{IMAT,

(IQ3,

([ADU,

CII171I),

C{1786)),

CII_OI)),

C(1803)),

C(1805)),

C(1H61)),

C(1951)),

C(204[))_

C(2131)),

C(2221)),

C(2241)),

C(2261))_

C(2276))t

C(2278II,

C(2280 )_

C(2282

Cl2284

C122R6

C(2311

C(2314

C12316

C(2318

C(2320

C(2322

C12323

C(2325

C(2321)

C(232q )

C(2331)

C(2335)

C(2333)

C(2336 )

(80X(15),

(BCFII5),

(HF_

(VXMIN,

(VFMIN,

(EN LN(90

(OEL N(90

(HO(90),

(S(90I,

(X120),

(DELTA(20

(BOIl5),

(HSUSO,

IT LN,

(AAY LN,

CPSUM_

TC LN,

PCP(251_

DATUM(3),

IC,

IFIXT,

ICOND,

IPROD,

LDRUM_

KDRUM_

ILL,

IMI,

(IC,

(I_2,

(IUSE,

(KMAT_

([TNUMB,

C(1785)

C(tSO0)

C(1802)

C(1804)

C(1806)

, C(1950)

, C(20401

C 21301

C 2220)

C 2240)

, C 2260l

C 2275)

C 2277)

C 2279)

C 2281))

C 2283))

C 2285))

C(2310))

C(2313))

C(2315))

C(2317))

CI2319))

C(2321))

C(2323))

C(2324))

C(2326))

C(2328)I

C(2330)I

C12332)I

C(2335II

C[2334))

C12337})

L333

,.3_4

_335

_:336

_37

L338

C339

0340

0341

C342

_343

0344

L _45

0 _46

( 347

0348

u349

C350

L351

u352

,353

0354

L355

0356

_357

c 358

P_59

0360

0361

G362

0363

0364

0365

C366

0367

0368

0369

0370

u371

0372

C373

03/4

0375

0376

0377

C,378

C379

0_80

O38t

0382

0383

0384

0385

0J86

U387

0388

0389

0390

U391

0392

L;393

0394

_395

03_6

u397

C398

_399

0400

0401

0402

0403

0404

0405

0406

0408

0407

0409

15



EQUIVALENCE |[TAPE, C(2338))p (Pt C(2339)I

EQUIVALENCE IlDEBUG, CI2340}Iv [IFROZ, CI2341I)

EQUIVALENCE IA([}, C(2342|), (AlI350)t CI3691)I

EQUIVALENCE ICOEFTI([), C(3692)), {COEFTI11350), CI5041))

FQUIVALENCE {COEFT2(I}, C[5042)), ICOEFT2(1350)t C(6391)l

EQUIVALENCE ICOEFT(I}t CI6392)), (COEFTI1350), C(7741)|

EQUIVALENCE (ATOM(1)t CI7742)), (ATOM(303), CI8044l)

EQUIVALENCE (MATOM(1), C{7742|), {MATOMI303)t C[8044))

EQUIVALENCE (D121MM),IE,ME),IEND,MENDIwIBLKIMBLKl,[RPNIMRPN}

EQUIVALENCE IGAStMGAS),ISOLtMSOL),IBLIQ,MLIQ]tlBLPN,MLPN)

EQUIVALENCF (CIO,MCTO)t(PLS,MPLS)IISYMBL,MBL),IBMIN,MMIN}

EQUIVALENCE |TMPI, MTMPII

DIMENSION 0120,21), AIlS,9Olp ENI90I,

DIMENSION I)EL N(90)t HO(90I, S(90I,

DIMENSION DELTAI20), 80(15), PCP(25)t

DIMENSION COEFX(20I, DXI20|t FORMII5}

DIM[NSION COEFTI(15,90) , COEFTZIIS,gO|

DIMENSION ELMT{15}, DATA(23), DATUMI3),

DIMFNSION BOX[15)t BOF(151, ANS(454},

DIMENSION LLMT(I5),MTSYS|I5),MDATAI23)

DIMENSION ANSLA8(454), COEFTII5,90)

DIMENSION MATOM{IOI,3I, ATOM{101,3)

DIMENSION MMLA{18)

EN LNIgO)

XI201

PROD[3)

FORMLAI18)

SYSTMII5I

BLK=OOCO00CO0060

RPN=OO6000CO0034

BLPN=O0000CO00074

GAS:OOGO00CO0027

SOL=000000C00062

BLIO=OQO00CO00043

PLS=OOCOOOCO0020

BMIN=DO000CO00040

E=0000C000C025

END=254524606060

CI0=000000C00012

C12=000014C00000

CFIO=OGO012000000

KION=2

DO 1 K=I,L

IF (LLMT(K)-ME) 1,2,1

I CONTINUE

GO TO 3

2 KIGN=I

TEMP=ELMTIK)

ELMI(K)=ELMT(L}

ELMT(L)=TEMP

3 ISCL=O

M=G

DO 4 J=l,15

5[! 4 K=I,gC

CCEFT2(J,K) = 0.0

4 CCEFTI(J,K) = O.G

DII 6 J=I,1350

6 AIJ) = 0.0

REWIND 4

? REAP TAPE 4, IDAFA(IItI:l,231
IF [MDAIA(I}-MEND) 900,171,900

UNPACK THE BCD FORMULA FOR THE PRODUCT

C

C

C

900 DC 16 I=1,2

16 DAIUMI I):DAIAlll

J=l

I=l

13 K=O

17 TMPI = UATUMIII

FORMLA(J) = ARSF(3OtTMP1)

DAIUM(I} = ALSFI6OOOOOCtTMPII

J=J+l

IF (K-4) 925,925,21

g25 K = K+I

0410

0411

0412

0413

0414

0415

0416

0417

0418

0419

0420

0421

0422

0423

0424

0425

0426

0427

0428

0429

0430

0431

0432

0433

0434

0435

0436

0437

0438

0439

0440

0441

0442

0443

0444

0445

0446

0447

0448

0449

0450

0451

0452

0453

0454

0455

0456

0457

0458

0459

0460

0461

0462

0463

0464

0465

0466

0467

C468

0469

0470

0471

0472

0473

0474

0475

0476

C477

0478

0479
0480

0481

0482

0483

0484

0485

16



00 TO 17 0486

21 IFII-l) 926,926,25 0487

926 I=I÷I 0488

GO TO 13 0489

C 0490

C BEGIN SEARCH FOR FIRST NON BLANK ALPHANUMERIC CHARACTER 0491

C 0492

25 J:12 u493

29 J=J 0494

IF (MMLA(JI-MBLK) 35,950,35 0495

950 IF (J-l) 3C,3C,951 0496

951 J = J-i 0497

GO TC 29 0498

30 WRITE GUIPbT TAPE 6,3I,{DAIA[I),I=I,3) C499

31 FU_MAT {14F THE FORMULA 3A6133H IS INCORRECT ON IHE MASTER TAPE) 0500

60 IU 1 b501

35 IF (MMLA[J)-_RPN) 30,952,30 0502

952 J = J-[ 0503

IF (MMLAIJ)-MGAS) 953,39,953 0504

953 IF (MMLA(J)-MSOL) 954,41,954 _505

954 IF (MMLAIJ)-MLIO) 30,4[,30 0506

39 [TYPE=I 0507

00 TU 47 0508

41 ITYPL=2 0509

47 J=J-i 0510

IF (MMLA(JI-MEPN) 30,955,30 0511

955 J=J-I 0512

C U513

C OBTAIN ANO STORE THE FORMULA NUMBERS A(K,J) 0514

C 0515

D0 4B K:I,15 0516

48 FORM(K)=C.C 0511

51 NLSW=I 0518

NUMH=O 0519

55 ICNT=O 0520

57 JCNT=J-ICNT U521

IF (JCNT) 30,81,59 0522

59 IF (MMLA{JCNT) - MCI0) 958,67,67 0523

958 GO T[l (63,853,NLSW 0524

63 ICNT=ICNT+I 0525

GO T0 57 0526

67 0_ TO (69,633,NLSW 0527

6g ]F [ICNT) 959,330,959 0528

330 IF(KION-I}]O,333,30 0529

333 NLSW:2 0530

G_ TO 57 0531

959 IF (ICNT-2) 77173,30 0532

73 NUMB : MMLA(J-I) * 10 0533

77 IPPI = FORMLA(J) 0534

[MPI = ALSF{18,TMPI) 0535

B TMPI = TMPI * 377777777777 0536

B TMP2 = FORMLA[J]*40Cooco00000 0537

B TMPI = TMPI+TMP2 0538

NUMB : NUM_+MTMPI 0539

VALUE = NUMB 0540

J:J-ICNT o541

NLSW:2 C542

GO TO 55 0543

B1 G8 TO (30,851,NLSW 0544

85 IF (ICNT) 960,30,9bC 6545

960 SYP_L = O.G 0546

IFINUMB)86,95,86 0547

86 IF (ICNT-2] 93,89,30 0548

89 TMPI : FCRMLA(J-I) 0549

SYMBL = ALSF[b,TMPt) 0550

93 MBL = MBL + MMLA(J} C551

GO TO 107 0552

95 IFIJCNT)30,30,96 0553

96 IF {MMLA(J)-MPLS) 97,970,91 0554

976 FQRM(E)=-]CNT 0555

00 TO 109 0556

97 IF (MMLA[JI-MMIN) 1C7,975,107 0557

975 FQRM(L)=ICNT 0558

10[ GO TO 109 G559

107 DO 111 K=I,L 0560

IF (MBL-LL_T(K)) lit,ItS,Ill 0561

IIi CONTINUE 0562

i?



GO TO 7

i05 FORM(K}=VALUE

lOg J=J-ICNT

IF (J) 30,121,51

121 IF {ITYPE-I) 30,133,137

133 M=M+I

00 TO 145

137 J=90-ISOL

ISOL=ISOL*I

145 DO 147 K=I,L

A(K,J)=FCRP{K)

147 CONTINbE

C

C ARRANGE IHERMODYNAMIC DAIA IN CORE ORDERED BY INTERVAL

C

151 II=O

TEMP = OAT_lL)

DATA{I) = CATA(3}

OAIA[3) = EATA(2}

DATA(2) = TEMP

00 155 K=I,5

155 COEFT[(K,J) = DATA[K)

00 159 K=6,14

KIT= K*IT

159 COEFTI(K,J) = DATAIKIT)

II=IT+_

001955 K:I,5

1955 COEFT2(K,J) = DATA[K)

001959 K=6,14
KIT = K,IT

1959 COEFT2(K,J) = DATA(KIT)
GO TO 7

C
C
C

C
C

C
171

GO TO NEXT MOLECULE

ELIMINATE GAP BETWEEN GASES AND CONDENSED PHASES

N=M+ISOL

IUSE=T

173 IF (N-gO) 175,225,181

175 IF (ISCL) 177,225,184

177 IUSE:2

GO TO 225

181 WRITE OUTPUT TAPE 6,182

182 FORMAT {45F TO0 MANY REACTION PRODUCTS FOUND ON THE TAPE)

IUSE=2

GO TO 225
184 KK : gO-ISCL

00 186 J = 1, ISOL

MJ = M+J

KJ = KK + J

00 186 K : 1,15

186 COEFT|(K,MJ) = COEFTIIK,KJ}

00 185 J = I,ISOL

MJ = M+J

KJ = KK + J

00 185 K = 1,15

185 COEFT2(K,MJ) = COEFT2{K,KJ}

00 219 J=I,[SOL

MJ=M+J

KJ : KK *J

00 217 K=I,15

A(K_MJ) = _tK,KJ)

217 CONTINUE

219 CONTINUE
GO TO 225

225 RETURN

C563

0564

0565

0566

C,567

0568

0569

0570

0571

0572

0573

0574

0575
0576

0577

_578

0579
0580
0581

0582

0583

0584

9585

0586
0587

0588
0589
0590

0591

0592

0593

0594

0595

0596

0597

0598

0599

0600

0601

0602

0603
0604

0605

0606

0607

0608

0609
0610

0611

0612
0613

0614

0615

0616
0617

0618
0619

0620

0621
_622

0623
0624

0625
0626

0627
0628

0629
0630
0631

IB



SbBRCOIIN[ BYPASS (J,IARGI

CEYLON C

FQUIVAL[NCE

E_UIVALENCE

FQUIVALFNCE

F_UIVALENCE

FQUIVALENCE

F_U[VALFNEE

EQUIVALFNC[

E_U[VALtNCE

EQUIVALENCE

E_UIVALENCF

[GbIVALFNCF

E_UIVALENCE

EQUIVALENCE

EQU[V&[FNCE

F_U IVAL_NCE

C(_b [V&LCNCL

F('U IVALt NCF

[ CU I_M.F_iCE

! (.,bIVALTHCF

[_:UIVAL_ _CE

F<UIVALf NC[

k (,b I'4ALf _C[

[I. blV_LENCE

}{,UIV_LENCE

FL_LIVALFNCE

EL, BIVALENCE

[I;,UIVALENCE

£(.UIV_L ENCE

r (JO I VALE _40 [

I_bIVALLNCE

FCUIVALFNC_

E_;I)IVALYNCE

fCLIV_L!NC[

ELUIVALENCE

FLUIVAL_NCE

[LbIVALENCE

F_UIVALFNCE

tuUIVALENCE

F(AJIV&LFqC_

[OLJ|VALFNCE

_QUIVALENCf

2(,HJIVALENCE

_I_UIVALENCE

[CUIVAL[NCE

F_UIVALFNC[

EUUIVALENC[

FCqJIVALFNCE

F(_UIVALENCE

EL:BIVALENCE

EI_UIVALENCE

EC_LIVALENCE

E(JUIVALENOE

E(,UIVALFNCE

E/:IU1VALENCE

FOOIVALFNC[

EqUIVAEFNCE

F()l. IVALFNCF

E(JlJ [VALENCE

EQUIVALENCE

EEUIVALENCE

IODIVALFNCF

[_UIV_LENCE

F(JUIV&LENCF

E_U[VALENCE

E_U[VALfNCF

[<U[VAL[NCL

EIjI;IVAL[NCF

[COIVALENCE

[(:UIV_LLNC[

EQUIVALENCE

_(JUIVALFNCE

(G(1 , C(111,

(ANS II, C(421)),

(HSUM, CI42_11

(WTPCI_, C(42611

IDLMPT, C{4281)

{GAMMA, C{430))

I V_ACH, C 1432 ) )

{VACI, C(43_I)

(RHO[ , C(437 ) )

(Rt4Q, U (439) }

{f P[, C(44011,

(EP P[, C(4421l,

([ ETA, C(4451l

lET& I, CI4461),

lAW EtA, C{44R)It

(S[& I, C145111,

{AW SIC, CI453))

(ANSLAB(ll, C(875)|,

(F(;I_M(I), C(1329)),

IELMT([)+ C(E3441l,

(LLMT{I), C(134411,

(IIATA(ll, CI135911,

(HL]AEA{E)t C(135911,

{ENII{, C{t38211,

{[SYS, C1147211,

{ACX, Cit474)1,

IA_X, Cl1476)),

{RH_X, C{1478)1,

(G(420), C{420)l

(ANS(454), C{874))

(SSUM, C{425))

(UP, C(42?)I

[DLMTP, C(429))

IARATI6, C(431})

{SP IMP, C(433))

(CF, C{43611

(RHQVACI C(438)I

(P[ I, C14411)

(AW PI, C(443))

IEP ETA, C(447))

IT SIG, C(450l)

(EP SIG, C(452))

(ANSLAB(45_), C(1325))

(FCRM(15), C(134311

(ELMT(E5), CII]58)I

(LLMT(15), CI1358))

IDATA(23), CIL381))

(MOATA123), C{[381))

(EN(90)_ CIt4?ll)

IJEAN, C(147111

IACF, C{t475|I

(AMF, C(14771)

{RHQF, CII4TOII

{C_EFXII), C(1480)), ICOEFX(20I, C(1499))

{i)XIII, C{150011, IDX{20), C(ib[9))

(F['RMLA{II, C([52C)), (FORMLA(18), C{1537))

{MFtA(II, £I152011, {MMLAItBI, C(1537))

IPR[]D{I), C{1538)), (PRQD(3I, C{1540)l

{SYST_II), Cll5_l)), (SYSTM(I5), C(15551)

(MTSYS(1), C{1541)), (_TSYSIIS), C(1555)I

[OF, Cl1556)), (FPCT, C{1557))

(EORAT, C(1558)I

IKDDF, C{[559)), IKASE, 511560))

(KQNT, CI[56[)), {NF, C(1562))

INO, C11563)I, [N£, CI1564_1

(NEFf, C(1565)l

{_OXll), tl17711

(BEFIt), C(1786)

{HX, C(IBOI)

(VXPLS, C(IH031

IVFPLS, glIB05)

(FN LN(1), C(t861)

([)EL N(I), Clt951)

(HO(I), C(2041)

(Sill, C12131l

(X(ll, C(2221)

{IGEI. TAIt)+ C(22_11

(BO(II, C(226t}

IPO, UI22761

{SO, CI2278)

(I, C(228,D)

(AAY, C(2282)

(HE, LI2284l

(PUPIl), C(22861

(DATUM(1), C(23[i)

{PC, CI23141

(IPRi]B, Cl2316)

(IHS, C(231_)

(ISY_, C(2320)

(Igll], L(2322)

IlDRMI C{2323l

(L, C(23251

(M, C(23271

IN, CI2320)

(lEt, L(23]i)

(I_3, C{2313)),

(IRA1, L(2335)),

(IAI]I), U(233611,

IBOXIIS), Cl17851)

(BOF{ISI, C{1800iI

IHE, C(IB02))

(VXMIN, C(1804))

{VFM]N, CII_06))

IEN LN(90I, 6(1950))

{DEL N{�C), Cl20kO))

(H0(90I) CIZI30ll

(S|90), C12220))

(X(20), CI2240I)

IDELTAI20), C(2260))

IBOII5I, CI2275)l

{HSUBO, CI2277))

IT LN, 6(2279II

{AAY LN, C{2281))

(CPSUM, 6(2203))

TC LN, C{22R5))

PCP(251, C(2319))

DATUM{31, U(2313))

TC, C(2_15{)

IEIXl, C12317))

ICOND, Cl2319))

IPROD, C12321))

LORIJMI C(2323))

KUKUM, CI2324))

LI, C(2326))

MI, Cl2328))

I_, Cl233011

I_2, C{2)3211

K_AT, CI2334))

IOSE, C(23_5))

[INUMB, C{23_7))

(J632

U633

0634

0635

U636

6631

G638

0639

0640

::,641

0642

_643

0644

C645

0646

©647

0648

_()49

ObbC,

0651

O652

0653

0654

0655

0656

0657

C658

r.659

C600

I:h61

0662

:663

C664

,.665

0666

,6_1

tOO8

C'6_9

C_6 tO

c61i

C612

5673

3674

L675

0676

_677

0678

5679

0680

ObBl

0682

0683

C684

06B5

0686

_687

0688

0689

0690

069[

0692

O693

0694

_695

9696

069Y

0698

C7699

0700

0/02

0703

0704

0705

OlO6

,_701

0708

19



B
B6
E

EOUIVAEFNCE (ITAPEp C{23381}, IP_ C(23391)

EQUIVALENCE (IDEBUG, C[23401|, [IFROZ, C(2341)1

EQUIVALENCE (A(1), C(2342)], {A(1350), C|3691))

EQUIVALENCE (COEFTI(1), C(36921), [COEFflII350), C(50411}

EQUIVALENCE (COEFI2(I), 615042I), {CDEFf2(1350), C(63911I

EQUIVALENCE (COEFT(1), C(6392)), [COEFIII350), C(7741))

EQUIVALENCE IATOM(1), C(77421), (AI_M(303), C(8044))

EQUIVALENCE [MATOM(I), C(7742)), [MATOMI3D3|, C(8044)]

EQUIVALENCE (CONS,JFCONS), [MTEMP, IEMP]

DIMENSION G(20,21), A{15,90), ENIgO), EN LN(gO)

DIMENSION DEE NIgO], HOI90I, S[90), X{20|

DIMENSION DELTA[201, BO(Ib), PCP(251, PROD{3)

DIMENSION COEFXI20], DX(20), FORM(15)

DIMENSION COEFII{IS,90) , COEFT2(15,90)

DIMENSION ELMTII5], DAIA(231, DATUMI3)w FORMLA(18)

DIMENSION BOX{15), BOF(15), AN5(454), SYSTM(15]

DIMENSION LLMI(15),MTSYSI15),MDAIA{23)

DIMENSION ANSLAB(454), COEFT(15mgo)

DIMENSION MAEOM[IOI,3), ATOMIIOI,3]

IARG=I MEANS TEST ONLY, IARG=2 MEANS ELIMINATE A SPECIES, [ARG=3

MEANS ADD aNOTHER SPECIES

CONS=I

MLM=J

IF I J-35) 2,2,102

102 IF (J-70) 1,1,101

101 K=3

MLM:J-IO

00 IO 3

1 K=2

MLM=J-35
G8 fO 3

2 K=I
3 IF [IARG-2) 4,5,?

4 I PROD=Z
KLP = 35-MLM
[EMP = PRQC[K)

TEMP = LRSF(KLM,TEMP)

B IF (TEMP*CENS) 12,10,12

12 IPROD = I

GC [0 10

b KLM = 55 - MLM

TEMP = PR(]E[K)

IEPP = LRSF(KLMwIEMP)

IF [EEMP - C(3NS) 10,6,10

TEMP = IFMP +I

PROD(K| = LLSF(KLM,IEMPI

[F(M-JI11,IO,IC

11 I03=102

IQ2=IOI

IQI=IQ

I0 =I0-I

GO IO g

? KLM = 35 - NLN
TEMP = PROE(K)

TEMP = LRSF(KL_,TEMP)

8 IF {IEMP * I) llO,IO,110

I10 MTEMP=PTEMP-JFCONS

B PROD(K) = LLSF(KLM, TEMPI

IF[M-J)I21,IO,IO

12I IQ = l_,I

101=IQ2

102=103
103=103+1

9 SENSE LIGHI 4

10 RE TURN

0709
0710

0711
0712
0113

0714
0715
0716

0717
0718
071g

0720

9121

0722

0723

C124

0725

0726
0727
0728

_729
0730
GI3t

C132

9733

0134

0735
C736
v737
0738

0739
0740

374L
0742
9743

_144

C745

0746
0747

0748
L749

0750
0751

0752
6753
0156

0755
0756
0757

0758
Olb9
0760

0761

0762
0763
0764
0765

0766

0?67

0768

0769

0?70

077L
0772
0773
0774

0775
0776

0777

0778

2O



SUBROUIINE INPUI

CCMMCN C

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EOUIVALENCE
EQUIVALENCE

E_UIVALENCE

E_UIVALENCE

EQUIVALENCE

EQUIVALENCE
EQUIVALENCE

EQUIVALENCE
EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCF

EQUIVALENCE
EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

(GIll, C(llit (G1420), C1420

(ANS{I), C(421)I, (ANSI454)m C(874

(HSUMt C(426I), (SSUM_ C{425
(WTMOLt C(426)), (CP, C(427

(OLMPI, C(4281Iy (OLMEPw C(429

{GAMMA, C(430)), (ARATIQ, C(43[

(VMACH, C(432lI, (SP IMP, C{433

(VACIv C(434I), ICE, C(636

(RHOI, C{437I], (RHOVACt C(438

(RFO, C(439))

(I PI, C(44011, (P] It CI461))
(EP PI, CI442)), lAW PI, C(643))

IT EIA, C1445)}

(ETA It C(446))t (EP ETA, C(647))

IAW EIA, C(448)), IT SIGt CI450))

(SIG I, C{45L)), (EP SIG, C(452))

law SIG, C{453))

{ANSLAB(IIt C(875)), IANSLAB1454), Cl1328))

IF[JRM(IIt C[[329]l, lFCRMIISIt C(1343))

(ELMT(1), C{1344)), (ELMTII5It C(1358}I

ILl_ME(I), C(1344)), (LLMTII5)p CI1358})

IDATA(II, Ci1359)), {DATA(23}, C(1381l)

(M[]ATA(1)_ C{1359)), (MDATA(23)t C(1381))

(EN(1), C(1382))t (ENI90), CII411)}

(ISYS, C(1472))t (JEAN, CII473II

(ACX, C(1474))p IACF, CI1675)I

{AMX, C(1476)), (AMF, C[1477}I

(RHOX, C(1470)), IRHOF, C([479))

(C[]EFXII), C(1480))t (COEFX(20), C(1499)}

{01(I), C(1500)I, (DX(20), C(1519))

(FORMLAIIIt C(1520})t (FORMLA(181, C(1537))

(_MLA(1), C(1520)}t (MMLAII8), C(1537))

IPROD{1}_ CI15381), {PROD(3), C(1540))

(SYSTMII), C([841))_ lSYSTM[15), CI1555)I

(MTSYSII), C(I54I)]t IMTSYSIIb)t C(1555

IOFt C{1556)), IFPCT, CI1557))

IECRAT, CI[558))

EQUIVALENCE (KODEp C(1559l), IKASEt

EQUIVALENCE IKONI, C(Ib61)), (NFt

EQUIVALENCE IN[), CI1563}), (NE,

EQUIVALENCE (NOEQ, C(1565)1

EQUIVALENCE (KD, C[17(,3))

EQUIVALENCE (BOXII), C(177[)), (BOX{15), CI1785II

EQUIVALENCE (ROFIL), C(1786l), (80F(15)t CIt800))

EQUIVALENCE (HX, C(1801}I, (HF, CI1802))

EQUIVALENCE (VXPLS, C(18031It (VXMIN, 6(1804))

EQUIVALENCE (VFPLS, C(|8051}t (VFMINt C(1806))

FQUIVALENCE {TELMT(1), C[180?))t ([ELMT(15}, C(1821II

EQUIVALENCE (EN LN(]), CI1861 )t (EN LN(90I, C(1950))

EQUIVALENCE IDEL NIl), C(195! ), IDEL NIgOI, C(2040))

EQUIVALENCE [HEEl|, C(2041 It IHO(gGIt C(2130)I

EQUIVALENCE ISIII, Cl2131 Is(go), C(2220)I
EQUIVALENCE IxIII, C{2221 IX(20), CI2240)I

EQUIVALENCE IDELTA(]I, C(2241 IDELTA(20), C(2260)I

EQUIVALENCE 180111, Cl2261

EQUIVALENCE (PC, C(2276

EQUIVALENCE (SC, CI2278

EQUIVALENCE IT, Cl2280

EQUIVALENCE (AAY, C(2282

EQUIVALENCE (HE, C(2284

EQUIVALENCE (PCPII}, L(2286
EQUIVALENCE ([)ATU_II), C(2311

EQUIVALENCE (PC, C(2314
EQUIVALENCE IIPRg_t C(2316}

EQUIVALENCE IIHSs LI2318}
EQUIVALENCE {[SYM, C(2320)
EQUIVALENCE (I[,ID, C(2322I

FQU[VALENCE {IE_RM, C[2323)

EQUIVALENCE It, CI2325I

EQUIVALENCE [W, CI23271
E_UIVALENCE IN, C{2329)

EQUIVALENCE (IC1t C(2331)I

El|560)(

CI15621

C[1864I

{80(15), CI2275I}

(HSUBO, C{2277}1

IT LN, C(2279})

(AAY LN, C12281)

(CPSUM, CI2283)

(TC LNt C(2285)

(PCP(25), C(2310)

(DATU_(_), CI2313)

(TC, C(2315)

(IFIXT, C(2317)

IICOND, C(2319)
IIPROD, C(2321)

(LCRUM, C(2323}
[KURUM, C(2326I

Ilit CI2326)

[MI, CI2328I

(I_, C12330)

(IQ2, CI2332)

0779

0780

0781

0782

0183

0784

0785

0786

0787

Q788

0789

0790

Olgl

0792
G793
0794

0195
0796

0797
0798
0799

0800

0801

0802

0803

0804
0805

0806
0807
0808

0809
0810

0811

0812

0913

0814

0815

0816

0817

0818

6819

0820

0821

0822

0823
0824
0825

0826

0827

0828

0829
0830

0831

0832

0833

0834

0835

0836

0837

C838

0839
0840

084!

_842

0863
0844

0865

0346
0847

0848

0849
0850

0851

0852
0853

0854
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E_UIVALENCE
EQUIVALENCE
EQUIVALENCE

EQUIVALENCE
EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EOUIVALENCF

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

(103, C(2333)), (KMATt C12334))

(IMAT, CI2335)), (IUSE, CI2335)]

(IADD, C(2336))t (ITNUMB, CI2337))

IITAPE, C(2338)), (Pt C|2339))

)IDEBUG, CI2340li, IIFROZ, CI2341])

(COEFTIIII, CI3692)), |COEPTLIL350), C(5041))

|COEFT2ll), C(5042)), (CCEFT2([350I, C(6391)}

(COEFT(1), C(63921I, (COEFTIL350), C(774I))

IATOM(1)_ C{7742)), (ATDM(3Q3), C(8044))

{MATOMII)t C(7742}l, IM_TOM{303)t C|8044))

(A(I), C(8578)I, (A(690)_ C(9267))

IMANAME(I}tANAME(I}I,IMANAMEI5I,ANAME(5)I

(KSANpC(IG623))

IWX,C(I0624))

(WFtC(I0625I)

(ASANN, MSANN)

(ASAN,MSANI

DIMENSION TELMT(15)

DIMENSION G(20,21), Al15_46), EN(90),

DIMENSION DEL N(90), HOI90}, Sl90),
DIMENSION DELTAI20), 80([5), PCPI25},

DIMENSION COEFX(20), OXI20I, FORM(15)

DIMENSION COEFT](15,90) , COEFT2{I5,90)

DIMENSION ELMT(15), DATAI23), DATUM{3),

DIMENSION BOXI]5)p BOF(15)B ANS(454)_

DIMENSION LLMIII5),MTSYS(I5),MDATA(23}

DIMENSION ANSLAB(454)_ COEFT(15,90)

DIMENSION MATOM(IOIr3), ATOM(101,3)

DIMENSION WANAME(5), ANAME(5), ANUM(5}

EN LN(90)

X{20)

PROD(3)

FORMLA(18)

SYSTM(15}

SUBROUTINE TO COMPUTE PROPELLANTS

ASANN = 446060606060

0X=46606C6C6060

IFIJEAN-222)51,50,S1
51 CALL BCREAC(ATOM(IOI,3),ATOM(1,L))

50 CO 52 I=l,t5
ELMT(I}=00CO0

BOFII)=COOCOOCOC000

BOX{I)=OOOCOOOD0000

DO 52 J=I,A6
A([,J)=00CCO0000000

52 CONTINUE
TOTAL=G.O

NF=O

NO=O

NE=C

WRITE OUTPLT TAPE 6,400
400 F_RMAT{8_I INPUT/l)

100 READ INPUT TAPE 7wI,{ANAME(I),ANUM|[),I=I,5ItPECWT,ASAN,ENTHp

2BEN,TEMPpETHR_DENS
I FORMAT(5(A2,FT.5)wF7.5,AI,Fg.5_AIfFBo51AL,F8.5)

IF(ANUWIIIIg9,200,99

99 WRITE UUTPLT TAPE 6,402,(ANAME(1),ANUM(1))I=I,5))PECWT,ASAN)ENTH)

IDEN,TEMP,EIHR,OENS

402 FCRMAT(IX_5(A2,1XfFT.4,2XI,F8.4,2X,AI_2X,Fg.2,2X,ALw2X,F8.3_2X,

2AIj3X,F8.5)

IF (MSAN - MSANN) 5011500_501

500 KSANN : l

GC TO 502
5OI KSANN = 0

502 DO 9 I=I,5

9 TDIAL=TOTAL÷ANUMII)

IFIETHR-OX)II,IOtII

IO NO=NO+I
KK=NO
KKK=NO
NN=31

GO TO _2
I[ NF=NF+I

KK=NF+I5

KKK=NF

NN=32
12 DO 98 J=l,5

IF(ANUM{J)) 96,97,96

0855
0856

0857
0858

0859
0860
0861
0862

0863
0864

0865
0866

I Moles

0867

0868
0869

0870

0871

08/2

0873

0874

08/5

0876

0877

0878
0879

0880
0881

0882

Moles

0883

0884

0885

0886

0887

0888
0889
O890

0891

0892

0893
0894

0895

0896
0897
0898

Moles

0900
Moles

0902
Moles

Moles

Moles

0906

Moles

0908

0909

0910

0911

0912

0913

0914

0915

0916

0917
0918
091g

0920

22



96 DO 31 |:I,]5

IF(ANAPF{J)-ELMT(|)) 21,20,?I

2C NHUI:C

33 KI=I

DC TF! J(]

21 IF(ELM)Ill) 31,22,31

22 ELPI(I)=ANA_£IJ)

NE=NE+I

NhUT=I

6_ T(] 33

31CCNIIqb[

30 IF{NHUI)14,18,14

14 _[) 16 1=1,1C1

IF (MAIO_(I,I)-MANA_E|J)) 16,17,16

II I[=I

0C I0 18

16 CCNTINLF

WRITE CUTPLT TAP[ 6t19g

199 FCR_AT (32PO T_ERE IS A BAD PROPELLANI CARD)

L=-t

RETURN

18 A(NFs3I)=ATGMIII,2)

A(Nc,3_)=ATOM(II,3)

15 A(Kf,KK)=AhDM(J)

98 CONTINUE

97 AIKKK hN)-FNTH

A(KKK KN+2)=PECWI

A(KKK NN+4}:DENS

A(KKK NN+iC)=[_EN

A(KKK NN+L2)=TEMP

A(KKK NN÷[4)=EIHR

GC T_ i,_0

200 IF(NE)202,?OI,?C2

201L=C

RETURN

202 J_AN=222

RX:O00COOCCOOCC

WF:OOOCOCOCOnO(

t4X=O00COCCCCOCC

_F=OLOCOCOCOCLC

RHGX=00000CCOOCOC

R_CF:OCO00COOOCOC

VXPLS=COCCCO00COCO

VX_IN=COCCCO0000CO

VFPLS=COCOCO00COO0

VFPIN=OOOOCOOCOOCC

ACX=OOCOCOCO0000

ACF:OOCC00COCOC0

AMX=O00000COOCO0

AMF=OOCO00COOCOO

KSAN=KSANN

_0552 J=tpkO

D0552 I=t,kE

552 A(J,39)=A{J,39)+A(I ,37)*A[[ )J )

EG 53 J=IrNF

_0 53 I=I,NE

53 A(J,40)=A(J_40)÷A(I,37)*A{I,J÷15]

IF (KSAN) qOOl,9CO0,900l

9001 EQ 9002 I=I,N[]

ANSII)=A(I,33)

9002 A(I,33)-A(I,33)_{I,39)

C[ I 9003 I=ltNF

0(1)=A(I,34)

9_q3 &(I,34):A(I,_4}*A[[,4C)

9COC CCNTINU_

IF (Nn) lOCn,l_9t,lOOO

ICOC CC 550 I=I,NO

54 PX=_X+AII,21)*AII,33)IA(I,39)

550 WX=WX÷A([,33)

[001 IF (NF) I002,1003,[002

1002 [)(; 551 I=I,NF

55 HF=PF+A(I,}2)*A{I,34)/A(I,40)

55[ NF=WF+A{I,_4)

1003 IF (NO) 10C4,1005,1004

1004 DC 42 l=[,hO

ACX=ACX+AII,35)*AII,33]/AI[,39)

42 A_X=AMX+A{I,33)IA{[,391

0921

0922

C923

C924

0925

0926

0927

0928

0929

0930

0931

0932

0933

0936

0935

0936

0937

0938

0939

0940

C941

0942

0943

0944

C945

0946

3 ')4 7

0948

,;949

0950

3951

0952

0953

0954

0955

0956

_95 f

0958

0959

0960

0961

0902

096

0964

0965

0960

096?

C968

_969

0970

Moles

0971

,-972

0')73

0)74

C975

07?6

_Moles

C9?7

0978

0979

0980

0981

0982

0983

0986

0985

0986

0987

0988

25



ACX=ACX/NX

AMX=WXIAMX

1005 IF (NF) I006t1007,1006

IC06 O0 43 I=I,NF

ACF=ACF+A(I,36)*Ail,34)/A(I,403

43 AMF=AMF+A(I,34)/A(ItAO}

ACF=ACF/WF

AMF=WF/AMF

I007 IF (WX) I020,1021,IO20

1020 HX=HX/kX

102! IF (WF) I022,1023,1022

1022 HF =HF/WF

1023 DO 60 [=I,NO

IF(A(I,35))60,71,60

60 RHOX=RHOX÷_(I,33)/A(Ip35]
RHOX=WX/RHCX

73 DO 61 I=I,NF

IFIAII,361)61,/I,61

61 RHCF=RhOF+_(I,34)IA(It36)

RHQF=WF/RH_F

GO TO 14

71 RhCX = 0.0

72 RHCF = 0.0

74 IF (NO) 1008,I00gpi008

1008 DO 51 I:I,NF

DO 56 J=IpN_

56 BOX(I}=BOX(I)+A{I,J)*A(Jt33)/A[J,39]

5? BCX(|)=BOX(1)/WX

1009 IF {NF) 1010t[011,1010

IClC DC 5g I=l,kE

DO 58 J=I,_F
58 BOFII)=BOFIII+A[I,J+I5)*A(J,34)IA(J,40)

59 BOF(1)=BOF(1)/WF

lOll DO 62 I=I,NE

IF(A(It383)63,62,64

64 VXPLS=VXPLS_HCX(1)*A(I,383

67 VFPLS=VFPLS+BOFII)*A(I,383

CO TC 62

63 VXMIN=VXMIN_BCX(I)*A(I,383

66 VFMIN=VFMIN+RCF(1)*A{|,383
62 CONTINUE

IF {WX) 1050,1031,1030

1030 DO 40 I=1,_0

40 A(I,33)=A{I,33)/WX

1031 IF(WF) I04C,1050,1040

1040 DO 1041 I= I,NF

1041 A(I,34)=A(I,34)/WF

C

C SAVF ELEMENT ARRAY FOR CORE 4

C

1050 DO 200C I=I,15

2000 TELMI([) = ELMT(1)

L=NE

TOTAL = MOEF(TOTAI,I.0)

IF|TOIAL)II42,1143,1142

1142 KD=I

GO TO 9050

1143 KD=O

9056 IF(KSAN)WCI],9CIO,�CII

9011 DO 9012 I=I,NO

9012 A(I,33)=ANS(13

DO 9013 I=I,NF

9013 A{I,343=GII)

9010 RETURN

0989

0990

0991

0992

0993

0994

0995

0996

0997

0998

0999
1000

fOOl

1302

1OO3

1004

1005

1006

i007

1008

1009

lO1O

LOll

lOl2

lO13

IC14
1015

1916

1017

1918

1019
1020

I021

1022

1023
1924

1025

1026

1027

1028

1029

1030

1031

1032

1033 Correction

1034

1035
1036

1037

1038

1039 Correction

1040

I041

1042

1043
1044

Moles

1046

Moles
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SUPROUIINE CORE2

CCMMON C
F_UIVALENCE

EQUIVALENCE
EQUIVALENCE
[QUIVALFNCE

EQUIVALENCE
EQUIVALENCE

EGUIVALENCE
FQUIVALFNCE
E_UIVALENC£

EQUIVALENCE
E_UIVALENCE
EQUIVALENCE
FCUIVALFNCE

EQUIVALENCE
E_UIVALEHCE

EQUIVALENCE
FQbIVALENCE
E(JU[VALENCE

EQUIVALENCE
_UIVAL_NCE

EQUIVALENCE

F(_UIVALENCE

E_UIVALENCE

FQUIVALENCE

£QUIVALFNCE

EOUIVALFNCE

FQUIVALENCF

EQUIVALENCE

FCUIVALFNCE

EQUIVALENCE

ECOIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALFNCE

EQUIVALENCE

f_UIVALENCF

E_UIVALE_CF

GIll, C11)),

ANS(I), C(42L)),

HSU_, C(424)),

WIMQL, C{4261),

DLMPT, C142811,

GAMMA, C(430)),

VMAC_, C(432)),

VACI, C(4341),

RHOI, C(4371),

RHE], C143911

T PI, Cl44C)],

EP PI, C(4421),

|T ETA, C(44511

(EtA I, C(4461),

IAW ETA, C144_I1,

ISIG I, C 451)),

(AW SIG, C 4531)
(ANSLABIIIt C 875)),

(FCRM(I)_ C 13291)t

[MF_RM(1), C 132_11,

(ELMTIt), C 134411p

(LLMllllt C 134411p

(DAIAII)_ C1135911t

(MDATA|I), C(135911,

(EN(1), C(138211,

(ISYS, C(1472)I,

(ACX, C(147411,

(AMX, C(141611_

(RFCX, C(147811p

lG(4201, C(420)

(AN514541, C(874)

(SSUM, C14251

ICP, C1427)

(DLMTP, C(429)

(AkATIG, C(431)

(SP IMP, C1433)

ICF, C14361

(RHOVAC, C1438)

[PI I, C1441))

lAW Plp C144311

(EP ETA, C1447)1

IT SIG, C1459)I

(EP Slb, C145211

(ANSLAB(4541, C{132_l)

(FORMI15), C(1343)1

(MFORM(151, CI13431l

(LLMTIi5)t C1135811
(LLMT(15It C11358II

(DATA(231, C1138111

(M_ATA(231, C(138111

(EN{90), C(1471))

(JEANp C1147311

(ACF, C11475)1

[AMF, C1147/11

IRHOFj C1147911

(COFFXll), C(14801), (COEFXI20)t C(1499)|

(DX(I), C1150011, IDXl20), C{151g)I

(FI!RMLA(1)_ C(152C)), IFORMLA(1BIt C(15371)

(MMLAII)p C(1520)), (MMLA(18], C1153711

(SYSTMll), C(154111, (SYST_(151_ C(1555))

(MTSYS(1), C(154111, (MTSYS{151, C(155511

(_F, C[Ib5611, (FPCT, C11557))

(_CRAT, C(155811

F_UIVALENCE (KODE,

EQUIVALENCE IKONT,

FQUIVALENCF INO, C

FCUIVAL_NCE (NC_Q, C(1565

F_UIVALENCE {PCX(I), C

E_UIVALENCE IBCF(I}, C

FQUIVALENCF IHX, C

E_UIVALENCE (VXPLS, C

E_UIVALENCE (VFPLS,

EQUIVALENCE IEN LN(1),

F_UIVALENCF iDEL N(1)t

E_UIVALENCE IHO(I),

EQUIVALENCE (SII)_

EQUIVALENCE (MX{II,
EQUIVALENCE |X(1),

EQUIVALENCE (DELIA(1),

EQUIVALENCE [80(11,

EQUIVALENCE IPO,

EQUIVALENCE ISO,

EQUIVALENCE IT,

EQUIVALENCE IAAY_

EQUIVALENCE HC_

EQUIVALENCE PEP(If,

EQUIVALENCE DATUM(If,

EQUIVALENCE PC,

EQUIVALENCE IPRO_,

EQUIVALENCE IPS_

EQUIVALENCE ISYM,

EQUIVALENCE IBID,
EQUIVALENCE IURM,

EQUIVALENCF L,

FOUIVALENCE M,

EQUIVALENCE N,
EQUIVALENCE I_It

EQUIVALENCE IQ3,

EQUIVALENCE IMAI_

[OUIVALENCE IADD_

CllSbg)), IKASL,

C|1561)), [NF,

1563)), (NE,

)

1771II (RCXII51, Ci1785)1

1786}1 (BOF(15), CI1800))

180111 (HE, CI180211

180311 (VXMIN, C1180411

C 180511 (VFMIN, C1180611

C 1861)1 [EN LN{90), C{1950]}
C 1951)1 {DEL NI90), C[20403)
C 2041)1 (HC(90)_ C|21301}

C 2131)I ISIgo), C122201I

C[222111, IMX(201_ C1224011

C11560))

C1156211

CI156411

C 22211l

C 224111

C 226111

C 2276I)

C 2278)I

C 228011

C 22821)

C 2284})

C 2286I)

C 23111)

C 23141)

C 2316}I
C 2318}1

C 2320II

C{23221I

C12323)1

C{232511

Cl232711

Cl232911

C1233111

C{233311

C(233511

C|23361]

(x120), C1224011

{DELTA(20), C122601)

IBG(15), C122751)

IHSUBO, C12277I}

IT LN, C12279))

(AAY Lk, C(22811)

[CPSUMt C|2283))

ITC LN_ C(22851I

(PEP(25), CI231011

IDATUM(3), C1231331

liE, C1231511
IIFIXT, C12317))

(ICOND, C12319))

{IPROD, C(2321II

ILCRUM, C1232311
IKDRUM, C(2324))

ILl, C1232611
{MI, C(232811

11_, CI2330I)
lI_2, C(2332))

IKMAT, C4233411

IIUSE, C(2335))

IIINUMB, C(2337))

1048
1049
1050
1851

1052
1653

1054
1055

1056
1057

1058
13b9

1060
1061

iu62

1963

IC64

1:_65

1066

1067

1068

1369
1070

1071
1372
1073

IC74

1075
1076

1077

107B
1779

1080

1082

1_83

1384

1085

1086

1387

1368
1089

1090

1891
1092
1093

1094
1095

1096

1097

1098

ID99

llOO

1101

1102

1103

1104
1105

I106

llO?

II08

ll09

lllO

llll

lll2

Ill3

I114

lll5

Ill6

lll7

1118

1119

1120
1121
1122

1123

1124

25



C

C
C

431

EQUIVALENCE
FCU[VALENC[

EgUIVALENCE
EQUIVALENCE
E_UlVALENCE

ECUIVALENCF
EgGIVALENCE
EQUIVALENCE

E_UIVALENCE

(ITAPEp t1233!_)), Ip, C(2339))

[IDESUG, C12347)), IlFROZ, C(2341))

(A(]), C(2342)), (A(13bO), C(36911)

(COEFTIII), C(36;?)), (COEFTI(1350), C(5041))

[CCEFT2)I), L(5042)), (COEFT2(1350)t C(6391)}

(MCOEFT)I}, C(6397}), (MCOEFT(1350)p C(7?41))

(COFFT(I), C{6392)), (COEFT([350), C(7741))

)ATOM(1), C(7742)), (ATCM(303), C(8044))

(MAT_M(1), C(7742)), (MATOM(303), C(8044))

FOUIVALENC[ (KORE, C(_047))

FQUIVALENCE (DLNT,LNT),(SUM,MSUMI,(BLK,MBLK),{TMP,MTMP)t(MI,BMT)

ECUIVALENCE (PROU(II, C(1538)), (PROD{3), C(1540))
C

I)I_ENSION G(2C,21), AI15,90), EN(90), EN LNI90)

DIMENSION ÙEL N)�D), HO{90), SIgO), X(20)

_IMENSION DELTAJ2C}p 80115), PCP(25)_ PROD(3)

OIMENSION CCEFX(20), DX(20), FORM(15)

DIMENSION COEFTI(15,goI , COEFT2(15,90)

DIMFNSION ELMT(15), DATA(23), DATUM(3), FORMLA)I8)

DIMENSION BOX(15). 50F{15), ANS{454), SYSTM(15J

DIMENSION LLMT(I_),MTSYSIIS)IMDATA(23)

DIMENSION ANSLAB(454), COEFT(Ib,90)

DIMENSION MATOM(ICI,3), ATOM(IOI,3)

DIMENSION MX(2_),MCCEFII15wOCl

DIMENSION MFGR_(15)

C

81 _MT =60606C606C60

8 GAS =©CI00C_00027

B _LK :OGOCOCOOGC60

C
K5:0

REWIND
NO EQ=O

ITEST_MI

SIZE:18.5

TO=TC

555 IF (IPRDB-3) 557,56_,9000

9000 IF (IPRCB-_) 565,565,0001
557 PC = PC/14.696006

PO=PC

9001 IF(TO)559,559,561

559 TC LN: 8,25
00 TO 431

561 TC LN:LOGFITO)

GD TO 43l
563 PO=PC

GO TO 431

565 T=TC

PO=O.C
T LN=LCGF(T)

START CALCULATION FOR NEW OVERALL COMPCSITION

IACI)=I

IF (IFROZ) 1565,379,1432

1565 IF ()UbE) 1432,1432,433
1432 DO 432 K=I,N

FNIK)=C.O

EN LN(K)=O.3
432 DEL N(K)=0.O

AAY LN=5.0

433 SENSE LIGHT 0

IF (IPRI)B-2) 435,445,434

434 IF [IPROB-4) 455,465,gc02

9002 IF IIPRO8-5) gOO3,9003,3?g

9003 IFIIADU-25)�004,9004,231

9004 IFIPCP(IADC))231,231,9005

9005 PO=PCP(IADC)

IFIIADD-I)_O08,�C06,90C8

9006 T LN=TC LN

9008 SENSE LIGHT I
SENSE LIGHT 4

K5=]

IKS=IACD

IPKS=IPROB

IABD = I

IPRO8=I
GO TO 13

1125
1126

1127
1128
1129

1130

1131
1132
1133

1134
1135

1136

1137

1138

1139

1140

1141

1142

1143

I144

1145

1146

1147

1148
1149

1150

I151

1152

1153

1154

H,P
1155
1156

1157
1158

0orrection

H,P

1160 H'p

1161

Correction
1163

I16_

Correction

1166

1167

1168

I169

Ii/0

11?I

1172

ii/3

I174

I175

II?6

I177

i178

I179

1180

1181

i182

1183

1184

-H,P

26



435 IF ([AbD-II 379,436,441

436 SENSE LIGHT ]

437 ! LN=TC LN

ITRI3T=3

4_8 IF {PCP(IAED)) 231,231,439

439 SFNSE LIGHT 4

PO=PC/PC_(IAOD)

G_ TO 13

441 I£ (IACD-25) 438,438,231

445 IF (IACfl-I) 179,447,441

447 SENSE LIGHI 2

GO IC 431

455 IF |IALD-25) 459,459,231

459 IF (PCP{IACC)) 231,231,460

460 I=PCP(IAC[])

T tN = LOGFIT)

GO TG 47_

46b IF (IACD-25) 469,469,231

469 IF (PCP(IAEO)} 231,2311470

47C PC=PCP(IkD[)

473 SENSE LIGHT 2

SE,_SE LICHI 4

C

C RFGIN CALCLLAIIO_S FOR CURRENT POINT

C

13 PO LN:L(ICF(PO)

C

C CHECK TEWPERATURE RANGE OF THERMODYNAMIC DATA

C

IF (IPRf_B-2) I?,]7,19

11 T=EXPF(I LN)

Ig IF (COEFT(7,1)-TI 21r22,27

21 IF (COEFT[?,I)-5CO0.O) 23,31,231

23 1:_ 1123 K=l,15

DO 1123 J = 1,9

1123 COEFT(K,J)=COEFIIIKrJ)

SENSE LIGHT 4

CD Tl_ 19

25 DO 1125 K = 1,15

[]C 1125 J : 1,90

l12b CCEFIIK,JI=COEFT2IKtJ}

SENSE LIGHT 4

GC TO 19

27 IF (I-COFFI(6,1)) 29r37,37

29 IF (30G.C-CI}EFTI{,I)) 25,31,231

31 IF (SENSE LIGHT 4) 38,305

C

C ELIMINATE THOSE SPECIES WHICH O_ NOT HAVE DATA IN IHIS [NTLRVAL

C

3? IF (SFNSE LIGHT 4 ) 38,142

3e SENSE LIGHT 4

DO 40 J=I,N

IF (C_EFTIS,J)} 40,39,4C

39 CALL RYPASS (J,2)

EN LN(J)=O.G

EN(J)=O.O

DEL NIJ)=O.C

4C CONTI_;U[

C

C BEGIN ITERATION FOR COMPOSITION

C

42 IO=IO

IOI=lO[

I_2=102

I63=IQ3

ITNU_B=3C

43 OC 48 d=l,M

CALL BYPASS (J,l)

IF (IPRf]D-2) 48,45,49

45 IF (EN LN(J)+SIZE-PO LN) 46,46,47

46 EN(JI:_.O

GO TO 4E

47 EN(JI=EXPF(EN [N(J))

48 CONTINUE

IF (IPROB-2) 49,49,51

49 T=EXPFIT LN)

51 AAY=EXPFIAAY LN]

1186

1187

lt88

1189

1190

1191

1192

1193

1194

ll95

1196

1197

1198

1199

1200

1201

1202

12C3

1204

1205

1206

120/

1208

1209

1210

1211

1212

1213

1214

1215

1216

121/

1218

1219

1220

1221

1222

1223

1224

1225

1226

122?

1228

1229

1230

1231

1232

1233

1234

1235

1236

1231

1238

1239

1240

L241

Correction

1242

1243

1244

1245

1246

1261

1248

1249

1250

1251

1252

1253

1254

1255

1256

1251

1258

L259

1260

L261

27



1262

CALCULATE FEAT CAPACITYp ENTHALPY AND ENTROPY 1263

1264

IFIXT=3 1265

IF (SENSE LIGHT 2) 52,55 1266

52 SENSE LIGNI 2 1267

IF (SENSE LIGHT 4) 53,55 1268

53 SENSE LIGHT 4 1269

IFIXT=I 1270

IF (ITNUMB-30) 55,54t55 1271

54 IFIXT=2 1272

55 CPSUM:O.G 1273

DO 60 J=l,K 1274

CALL BYPASS {J,l) 1275

IF (IPROO-2) 60,56,60 1276

56 IF (IFIXT-2I 59,58,57 1277

57 CPSUM=CPSUM+((((COEFTII2,J]*I÷CO[FI{II_J))*T÷COEFTIIO,J))*I÷COEFT( 1278

L9,JI}mT÷COEFT(B,J))*EN(J| 1279

58 HO(J)=[I{ICOEFI(12_J)/5.0)*T÷COEFT(I1,J)/4.0)tT÷COEFT(IO,J)/3.0|.I 1280

I+CO[FTIg,J}/2.0)*T +COEFTII3,J)IT+COEFI(8,J} 1281

59 SIJI=([(ICCEFT(12,J)/4.0 ImT+COEFT(II,J)I3.0]-T+COEFT(IO,J)/2.O)*T 1282

I+COEFT(9,J))*T÷COEFTIB,J)mT LN÷COEFTIIA,J)-EN LN(J) 1283

6C CONTINUE 1284

1285

CONSTRUCT MATRIX AND SOLVE THE EQUATIONS 1286

1287

CALL MATRIX 1288

IF (SENSE LIGHT 4} 61,171 1289

61 SENSE LIGHT 4 1290

CALL GAUSS 1291

IF (IOEBUG} 910,80,910 1292

910 _0 911 [=I,IMAT 1293

911 WRITE UUTPbT TAPE 6,912,IG(IpK),K=I,KMAT),DELTA(1) 1294

WRITE OUTPLT TAPE 6,gI2,(XII),I=I,IMAT) 1295

912 FORMAT (BEI4,6) 1296

BO IF (IDID-IMAT) 81,85,Bi 1297

81 IF {SIZE-Ie.5) 83,83,311 1298

83 SILE=27.5 1299

GO TO 43 1300

85 IINUMB=ITNUM8-1 130[

00 B7 K=I,IMAT 1302

IF (ABSFIDELTAIK))-O.5E-A) 87,87,88 Correction

8s IF ISIZE-IB.5) 83,83,315 Correction

87 CONTINbE 1334

1305

OrTAIN CORRECTIONS T0 THE ESTIMATES 1306

1307

D LN T=XIIC2) 1308

91 IF (IFIXT-i) 93,95,379 1309

93 [I LN T:n.O 1310

95 BO 101 J=I,M i311

CALL BYPASS {J,l) 1312

IF IIPROO-2I 96,97_96 1313

96 OEL N(J)=O.t 1314

GC TO ICl 1315

97 EEL N(J)=HC(J).D LN T-HOIJ}÷S(J) 1316

CO 99 K:l,L 1317

99 DEL NIJ)=OEL N(JI+A(K,JI'X(K) 1318

I01 CONTINUE 1319

IF (L-IQ) 1C3,109,109 1320

I03 J:MI 1321

DO 107 K:LI,IQ 1322

104 CALL BYPASS [d,l) 1323

IF (IPRO0-2) I05,106_IC5 1326

105 I)EL N(J)=O.O 1125

J=J+l 1326

GO TO I04 1327

106 DEL NIJI=X(K) 1328

J:J+1 1329

107 CONTINUE 1330

lOg AMBDA=I.O 1331

AMBDAI=I.0 1332

IF (ABSF{D LN T)-ABSF(X(IQI))) 5CI,913,913 1333 Correction

501 SUM = ARSF(X(IO1)) 1334

GO TO 915 1335

913 SUM=ABSF(D LN T) 1336

28



915

916

Ig15

1917

q17

llC

1116

92C

Oil 917 J=I,M

IF (EN[J)) 917,1915, 916
SUM=MAXIF(CEL N(J),SUM)
GO T_ 917

IF (EEL N[J)) 917)917,1917
SUMI=A_SF((P0 tN-9.212-EN LN{J))IDEL N(J)

AMF_I)AI=MINIF{SUMI)AMBDAI]

CC_TI_JbE

IF (SUY-2.C) 1110,1110,110

ARC[?A=2.C/SUM

A_BDA =MINIF(AMBOA,AMBDAI)

IF (IDEUUG) 921,1111921

921 WRITE OUTPUT TAPE 6,923, I,PtAAY, AMBDAj

I EN(J},EN LNIJ),DEL N[J),HO(J)mS(J),J=I,NI

923 FONMAT (4E25.BIIIX,3A6,5EI5.6))

APPLY CORRECTIONS TO THE ESTIMATES

111 DO 113 J=I,M

113 EN LN{J)=E_ LN(J)+AMBDAeDEL N(J)

IF [[CGNE-2] 115,121,375

it5 00 117 J=MI,N
I17 ENIJ)=EN(JI+AMBDA*DEL N(J)
121 ! LN=T LN +AMBDA*D LN T

AAY LN=AAY LN- AWBBA*X(IQ1)

IF (SENSE SWIICH 6) 122,124

122 IF (IDEBUGI 1122,123,1122

1122 ICEBUG=O
GO TU 231

123 IDE£UG:t

C

C

C

124

125

1124

2125

1[26

126

COEFI(K,J})K=I,3),

127

128

129

1129

1136

13C

132

133

C

C

C

C

TEST FOR CDNVERCENCE OF IIERATION

IF (ITNUMB) I25,132,125

IF [AMBDA-I.0) 43,1124,231

P=O.0

DD 1126 J=I,M

IF [EN LN{J)} 2125)1126,2125

P=P÷EXPF(Ek LN(J))

CONTINbE

IF (ABSF(CPO-P}/PO)-0.SE-5) 126,126143

SUF=P

IF(ICON6-2)127,129,375

DO 128 J=M1,N
SU_=SUM+ABSF(_N[J))

00 130 J=t,N
IF [J-_) I129,1129,1[30

IF (ABSF(E_IJ)*0EL N[J)/SUMI-O. SE-5) 130,130,43

IF [ABSF(CEL N(J}/SUM)-O.5E-5) 130,130_43
CONTINbE

IF (SENSE LIGHT 4) 1331133
GD TO 13

ELI_INAIE 114OSE SPECIES wiTH NO CATA AT THIS TE_PERATUREt AD0

THCSF _IfH I)ATA AT THIS TEMPERATURE

142 00 170 J=I,N

IF (MCQEFT(I,JI-PT) 170,50 ,170

500 IF (COEFT(5,J) ÷ 150.O-T) 2_5,143,143

143 IF [T-COFFTI4,J]+150.0) 2q5,144,144

285 IF {50CO.C-COEFT(5tJ)) 144,144,30I

295 IF [COEFTI4,J)-3C0.C) 144,144,301

144 IF (J-M) 145,145,146

145 CALL BYPASS (J)3)
GD TO 170

301 CALL BYPASS lJ,2)

EN(J|=C.C
CN LN(J)=O.O
DEL N(J)=O.E

GO TO 170

146 IF (EN(J)) 147,IA8,]70

147 ENIJ)=G.C

EEL N(J)=O.O
CALL BYPASS [J,2)

GO TO 42

1337

1338

1339

1340

1341Correction

1342

1343

1344

1345

1346

1347

1348

1349

1350

1351

1352

1353

1354

1355

1356

1357

t358

1359

1360

1361

1362

I363

1364

1365

1366

1367

1368

]369

1370

1371

1372

1373

Correction

Correction

Correction

1375

I_76

1377

1378

1379

1380

1381

1382

1383

1384

1385

1386

1387

1388
1389

1390

1391

1392

1393 Correction

1394 Correction

1395

1396

1397

1398
1399

1400
1401

1402

I433
1404

1405

1406

1407

1408
1409

29



SKIP CCNCEKSATION CHECK IF f IS HIGHER THAN MELTING POINT _,fiLN

TESTING S(]LII>, [}R LQNFR 1HAM HELIING PCINT WHEN TESTING LICLJID

C

C

C

C

14# IF ICOEFT(4,J)-CFEFTI5,J-1)) 15?,lgg,lbO

t4g IF (C@EFT(4,J)-I] 2t53,170,I70

2153 IF (EN(J-t)) ]70,]53,2154

2154 IF (COtFT(4,J)+15n.?-T) 2155,2155p2157

2155 ENIJI=#r:lO-t)

CALL BYPASS (Jr3)

J=J-1

GO f_ 3156

2157 ENlJ-lI-rklJ-l)/2.C

EN(J)=N(J-I)

T LN=LCCFICO£FII4tJ))

CALL BYPASS(J,3)

CC TQ 42

15C IF (Cf]tFTI5,J)-CCEFT(4,J÷t)) 153,151,153

151 IF ([-tUEF](5,J}} 3153,17C,17G

3153 IF IFN(J+[)) [7q,153,3154

3154 IFIT+ISO.O-CPEFT(5,J)) 3155,3155,3157

3155 ENIJ)=_N(J+I)

CALL BYPAS_IJ,_)

J=J+t

3156 CALl _YP_SS(J,?)

EN(J)=C.C

DEL NIJ)=C.C

GO TO 42

3157 ENIJ+II=EP;(J+I)/2.O

EN(J)=LN(J÷[)

f LN=LCCF(COEFT(5,J))

CALL _YPASS(J_3)

GO Til 42

C

C

C

C

C

C

153 CO 155 K:2,3

SUM=COEF T II<,J )

D_ 154 l=t,6

TMP=ARSE I 3C, SUP I

8 SU_:AL SF 16000000, SUM )

IF (MTMP-_BLK) 154,156,154

I54 CONTINb r

155 CONTINLE

K=3

I=5

GQ TO 159

156 1:I-2

IF [I) 157,15_,159

157 K=2

l=S

GC TO 159

158 K=2

[=G

159 FOR#(2J=COEFTI2tJI

FORM I 3 ) =CDFFT I 3, J )

I=6-I

JJ=42-I

I=I

JJ=JJ

SUM = FORM(K)

P SUM = ARSF(JJ_SUM)

_dJ=dJ-6

TMLJ : FORMIK]

TMLJ = LRSF(MJJ_TMLJ)

M J J=36- 1

SUM l=k LSF [ I_JJ , GAS )

15 TEMP=LRSF [ Jd, SUM1 |

f_JJ=42- I

FORM ( K } :LL SF I MJJ , SU_ )

CO 160 K:I,M

[F (_FGRI_I2)-MCIDEFT(2_K)} 160111601160

116C IF (MFURMI_,}-MCOEFE(3,KI) 160,162,160

CHECK fQR CONDENSATION

IF MORE THAN (IN[ CONDENSED PHASE OF ANY SPECIES CAN EXIST 1HL

PHASE 5EARLE AT THE HIGHER TEMPERATURE MUST PRECEEO THAT STAEL_ AT

THE LO_FR IEMPFRATURE EN MASTER TAPE

1410

1411

1412

1413

1414

141

141

142

L421

1422

1423

1424

1425

1426

1427

1428

1429

1430

1431

1432

1433

1434

1435

1436

1437

1438

1439

1440

b_41

1442

1443

1444

1445

1446

144?

1448

1449

1450

1451

1452

1453

1454

1455

1456

1457

1458

1459

1460

Correction

50



160 CONTINUF

CALL BYPASS (J,3}

CO TC 170

162 CALL BYPASS (K,I)

IF (IPROD-2) 17@,16]fi?0

163 HD(J):III(COEFT(I2pJ)I5.C).T+COEFTI11tJ)/4.0)'I÷COEFTIIO,JI/3.0)'T

I+CCEFTI9pJ)/2.0)mT *COEFTII3tJ)/T+COEFIIS,J)

S(J}=II((CCEFTII2,J)/4.C ).T÷COEFT(IItJ)/3.C)wI+COEFT(IOtJ)/2.0I'T

I+CCFFTIgtJ))tT+C_EFT{8,JI,T LN+COEFTI14,J)

IF (HO(J)-SIJ)-HO(K)+S[K)-DEL NIK)) 164,164,17C

164 CALL BYPASS (J,3)

ENIJ)=C.O

C_ TC 42

17C CONTINUE

C

C IF COMPOSITION HAS SEEN CORRECTLY DETERMINED CALCULATE THE

C E_UILIBNIUP PR_PERTIESy OTHERWISE CONTINUE ITERATION

C

IF(SENSE LIGHT 41 1170,1172

117C SENSE LIGHT 4

GO TU 42

1172 IF (ITNUMB) 42,971,42

971 WRITE GUTPLT TAPE 6t973wIAO[l

973 F_RNAT (70FL30 ITERATIONS DID NOT SATISFY CONVERGENCE REQU[REMENIS

1 FCR TFF PCINT I5)

G_ Ill 42

C

C CALCULATE EQUILIBRIUM PROPERTIES

C

171 D_ 1171 I = 1,454

1171 ANSII) = ANSLABI[)

WTMOL=AAY/P

HSUM=GII_2tI_II*T/AAY

SSb_=O.C

C_ 183 J=lwN

CALL RYPASS (J,I)

IF IIPR()D-2) IB3,181,183

181 SSL:M=SSUM÷S (J )*EN( J )

183 CONTINUE

1183 SSuM=SSUM/_AY

IMAI=IMAI-I

CALL GAUSS

IF IIDIP-IWAT) 172,174t112

172 CPR=CP_UMIhAY

CAMMA=CP_/JCPR-II.O/WTMOL))

_LMTP=C,_

DLb'PE=b,3

GO TO 185

174 ELWTP=X(IQI)

IF (ABSF(_LMTP)-?7.5) 1174,1174,172

1174 CPR=G{IQ2,I02)

CG 175 J=I,IQ[

175 CPR=CPR-C(I_2,J)*X(J)

CPR=CPR/AAY

1175 IM_T=I_AT-I

CALL GAUSS

BLMPT=O._

BC 179 J=l,L

17_ ELPPT=CLMPT+G(IQltJ)*X(JI

_LMPT=(P-DLMPT)/DLMPI

IF (DLMPT-27.5) 180,180, L12

I8C GA_MA=I.C/(I.O÷DLMPT-(II.O-DLMTP)uJ2)/(CPRJWTMOL))

IF (GAMMA) 172,172,185

185 IF ([PR_B-2) I_6p186,207

186 IF (IALD-2) 187,191,197

187 WT_OLC=WTMCL

TC:E

PC=P

HC=HSUM

SC=SSU_

188 T PI=-LLMTP/[WTMOL*CPR)

T ETA=IOOO.C/(CPR*TC*l.98726)

T SIG=-II.C-DL_TP)/(WTMOL-CPR)

GO TO 207

1461

1462

1463

1464

1465

1466

1467

1468

1469

1470 Correction

1471

1472

1473

1474

1475

1476

]477

1478

1479

14BO

14B1

1462

1483

1484

1485

1486

1487

1488

1489

1490

1491

1492

1493

1494

1495

1496

1497

1498

1499

1500

1501

1502

1503

15_4

1505

1506

1507

1508

1509

1510

1511

1512

1513

1514

1515

1516

1517

1518

1519

1520

1521

1522

1523

1524

1525

}526

1527

1528

1529

1530

1531

1532

1533

1534

31



CHECK FOR CONVERGENCE AT THROAT

191 CHSTAR=HC-_SUM - |GAMMA*T/12.0*WTMCL)}

IF IABSF(DFSTAR/{HC-HSUM))-O.4E-4) 197,197,192

192 IF(ITRCT} 193,197,193

193 PCP(2}=PCP(2)/(I.O+2.0_DHSTARJWTMOL/{Tm(GAMMA+I.0)))

PO=PC/PCP(IADD)

ITROT=ITROT-I

IF (IDE_bG) 929,194,929

g29 WRITE OUTPUT TAPE 6,923,DHSTAR,HC,HSUM,PCP(IADD}

194 SENSE LIGHT 4

GO fO 13

CALCbLATE PERFORMANCE PARAMETERS

197 SP IMP:294.98ISQRTFIIHC-HSUM}mI.gS?26E-33

RHOI=RHO*SP IMP

SUM=T/[2.0*(HC-HSUM))

PI I=SUMm(hIMOL-WTMOLCI/(WIMOL*WFMCLC]

ETA I:SUM*(TC-T)IITCmTml.987263-IOGO.O

SIG I=SUM/WFMOE

T PI=(I(WTMDLC-WIMOL)/WTMQLCI-DLMTP)/IWTMOLtCPR}

T [FA=IOOO.O/(CPRmTC*I.�87263

T SIG=-(I.C-DLVTP)/(WTMOL.CPR)

AW=I86.4579*T)/(AAY*I4.696OO6*SP IMP)

AW PI=- (|I.O-BLMTP)/(WTMULC-CPR}÷I.O/GAMMA+PI 13

AW FFA=T EfA'(I.O-DLMTP}-ETA I

AW SIG=I.0/GAMMA-SIG [

IF ([ADD-2) 203,?01,203

201 AWT=AW

CSFAR=32.174*PCmI4.696CO6wAWT

CSIRPI=I.O÷AW PI

STR ETA=AW ETA

STR SIG=O.r

AWT PI=AW PI

ALl ETA=AW ETA

AW SIG=O.O

203 CF=32.1/4wSP IMP/CSTAR

ARATIO=Aw/AWT

VACI=SP IMP+P*I4.6g6OO6*AW

RHCVAC=RhO_VACI

VMACH=SP IMP/SQRIF(R6o451g*GAMMA*T/WTMCL)

EP PI=AW PI-AWF Pl

EP ETA=AW ETA-AWT ETA

EP SIG=AW SIG

207 HSUM=HSU_*I,OR72_

SSUM:SSUM_I,9872_

CP=CPR_[,98726

(]BIAIN CCMP{]SIIICN IN _OLE FRACTInNS

SUP=P

IF |[CUND-2) 2C9,213,375

209 [;D 211 J=MI,N

211SUi_=SUM+(=NIJ)

213 DQ 215 J=I,N

215 ANS(4,j+34)=EN(J)/SUM

IF {IPRO_-2) 217,217,220

211 ANS{I)=PCP(IAO_)

21_ IF (IALO-2} 22C,219,21£

219 ANS[15J=CSTAR

ANS(24)=CSTRPI

ANS(29}=STR ETA

ANS[34]=STR SI_

22C ANS{2)=P

ANSI3):T

K=34+4_N

PRINT OUT THE CALCULATED ANSWERS

IF (IDERUG} 1221,222,1221

1221 WRITE CUTPLT TAPE 6,221,[ANS(II,I=I,K)

221 FORMAT IIH ////SE20.Q/5E20.8/5E20.8/4E20.8/5E20.8/5E20.8/5E20.B///

l [3(TXt3A6rFR,S)))

GO TO 9009

1535

1536

1537

1538

1539

1540

1541

1542

t543

1544

1545

1546

1547

1548

1549

1550

1551

1552

1553

1554

1555

1556

1551

1558

1559

1560

1561

1562

1563

1564

1565

1566

1567

1568

1569

1570

1571

1572

1573

1574

1575

1576

1577

1578

L579

1580

1581

1582

1583

1584

1585

1586

1587

1588

1589

1596

L59L

1592

1593

I_94

1595

1596

1597

1598

1599

1600

1601

1602

1803

1604

1605

1606

160/

1608

1809

H,P

52



222 _RIT[ 1;_PE 3, (#,_'$111, 1=1,4541

NC E_=;J _ F_,+I

90C_ IF [K5 I q_7, 3223, qC _7

9C07 It, LL" : IK5

IPR(-q' = IPK5

2223 IF (IAL[!-21 223,225,225

223 IF (IP_fP-?I 224,1224,1223

224 IF (IF_#ZI !223,1224,1224

1224 PCvI2)=I(Gt_t"Pt',+I.C)/2.L}**(GA_MAI(6AMM_-I.JII

f LN=T LX+L!}GFI?.C/(GA_'A+I.O)I

1223 F" 122> I - 1,¢'4

1225 Ar.;hLA_[I) = ANS(1)

P2:_ IAf._:IA[ F÷I

GC f(i 433

L

231 IF {_,0 E'C) _7_!, _?£,1231

1731 IF (lFnr],') 2"_2, _?_,235

232 IF ([AL[_-2) 31R,233,37g

933 IF [ [ULPU(;) 31a,234,378

234 CALl LER r_4

If (Kt]k_) 1234,1,1234

1234 b' F I IJI_N

T_3_ IF (IP_d'P-2) 23?,237,239

?3? CALL _']R c_.

Rf 1 LJqN

239 _,i,>llE It, PE 3,[G(I), I=1,80441

(.ALl C[._t _ 5

P,F 1UqN

L

C

C

305

t-Rl_f]R PRINT (fLiT

_,,,{IfF LUTPLT TAP[ 6,306,1,IAbD

'231 FUR'AT (IIFLTHF TEMPERAIURE:EI2.4,34H K, IS QUI OF RANGP FUR THE P

IF ( 6C_'7" iw_-f 1 { 9,307,30?

{O? IF (T-JCC.C} 13C9,JC8,308

3C_ qC fC 142

[]C5 IF (IAL!)-I) 3Cq,I3[m,3(q

13I IF {iP.d/H-2) 1_11,3C9,3cq

13[1 IF {lf:.Lf-l,,) 1312,[312,_09

1312 l::r: I_1_ J=ITFST,N

CALl_ [_YPASS(J_ 11

IF IIPN! F-_) 1315,131311313

1313 C_hf lNbf

CC, It 3: T)

131h IIFST=J+I

CALL BYPASS(J_3)

C,C lq 1316

3G9 PC_(251:PCP(IAF[')

[ AI;I)=Sb

IF (SFNSE I IGi-{l 4) 42,42

311 wRIT[ L. tJTPLT ThPE 6,312,IMAT,IDIO

312 F[!R_AT [IISFITklEE If] SNLVk 13,22H E(JUArlONS, tLIMLNATtD 13)

Sl/C=l_.5

CO TU 375

315 W_ITF LtJIPLT TAPF 6,316,

316 FF3_._AT (14?hlRE<_IBUALS FROF' SUBROUTINE GAUSS EXCEEU O.5E-41

SlZ'-=Ib.5

375 IF (IDEHUG) 231,37i',23[

377 II;£ebG= i

13_6 IF ( IPRC_-311 _77, 555,555

1377 PC :PCt I4.6S6'2;"_

CC ft_ b55

378 hqlfF IAPF _,(C111,I:1,;q6441

BACKSPACE

R{ TURN

3?q R[hI!_P 4

PAUS_L ?7777

1611

1'_12

1513

16L4

16Lb

1616

1611

1618

16L

1 K,20

1<,21

1622

Iu23

1624

1_25

16." 6

1627

lu?8

1629

163C

163l

1632

1_.3

1634

1635

1835

1637

1838

1639

1640

1541

1642

1643

1544

1545

[646

1641

1648

1649

1650

1651

1652

1653

I554

[655

1557

1658

165')

1660

1661

1662

15o3

1664

1565

lg, 65

1567

1568

1669

1670

1611

ihZZ

H,P

H,P

H,P

Correction

CorrectLon

Correction

Correct[ or,

}t,P

_5



5UhkCUT I_cE GAUSS

SUURI]UTIr_E GAUSS SOLVES ANY LINEAR SET OF UP TO TWENTY EQUAIIONS,

flY IT[iKATIEN IF NECESSARY

ICkIKAN WnhITOR UNDER NORMAL OPERAIING CONDITICNS WILL TAKL CARE

CF qVER-UNFFR FLOW

CUVMCN C

EUt. IVALENCE

LWUIVAt ENCE

FQUIVALFKC[

FQUIVALF_,CF

EQUIVALENCE

E{JUIVALENCF

E_UIVAL_KCF

ECUIVALEKCE

E(_UIVALEhCE

EQUIVALENCE

E_UIVALFNCF

E£UIVALENCE

EQUIVALENCE

EQUIVALENCE

E_bIVAL_NCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

FQUIVALENCF

E_UIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

E_UIVALE_CE

EQUIVALENCE

EOUIVALENCE

EQUIVALENCE

F_UIVALENCE

EQUIVALENCE

FOUIVALENCE

ECUIVALFNCE

EQUIVALENCE

E_DIVALENCE

E_U[VALENCE

EQUIVALENCE

EQUIVALENCF

EOUIVALENCE

EOUIVALENCE

EQUIVALENCE

£UUIVALENCF

E_UIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EOUIVALENCE

E_UIVALENCE

_UIVALENCF

ECblVALENC[

EOUIVALENCE

EQUIVALENCE

EQUIVALENCF

EQUIVALFNDF

EQUIVALENCE

EOUIVALFNCE

EQUIVALENCE

PCUIVALFNCE

EQUIVALENCE

E_UIVALENCE

(0(I), C(1)),

{ANS(IJt C(4213),

(HSUM, C(4243

(WT_OL, C(426)

(1)LMPT, C(428I

(GAMMA, C[4303

(V_ACH, C1432)

(VACIt C{434)

(RHOI, Cl437)

(RHO, C(439)

IT PI, C{440) ,

[EP PI, C(442)),

IT ETA, 0(44533

(FTA I, C(446)],

(AW ETA, C(44_)),

(SIC I, C 451)),

(AW SIG, C 453))

ANSLABII), C 875)),

FCRM(1), C 1329)),

ELMT(1), C 1344)),

LLMT(l), C 13443),

DATA(1), C(135933,

MCATA(I), C(13593),

EN(1), 6(1382)),

ISYS, C(14721),

(ACX, C(14743),

(AMXy C[147633,

(RHOX, C(1478)),

(G(420), C(4203)

(ANS1454), C467431

(SSUM, C1425))

(CP, C(427))

(DLNTP, C(4293)

IARATIO, C(4313)

ISP IMP, C(433))

ICE, C(4363)

(RHOVAC, C(438))

(PI [, C(44131

(A_ PI, C{44333

(EP ETA, C(4473)

(T SIG, Cl450))

[EP SIG, C(452))

(ANSLAB(4543, C(132_))

(FCRM(I_], C(1343))

(ELMT(15}, C(135833

(LLMT(15), C(13581)

(DATA(23), CI138133

(MDATA(233, C(138133

[EN(90), C(1471))

(JEAN, C(147333

(ACF, C(147533

(ANF, C(147733

(RHOF, 6(1479I)

(COEFX(1), C(1480)), (COEFXI2O)_ C(14993)

[I)X(i), C(1500)), (DX(20I, C(15193)

(F[]RNLA(|), C(1520)), {FORMLA(18)y C(1537))

(MMLA(1), C(152033, (NMLA(18), C(1537))

(PROD(1), C(1538]], (PROD(S), C(154033

(SYSIM(I], C[154111, (SYSTMII5), C(1555))

(MTSYS(1), C{1541]), (MTSYSII5)_ C(1555))

(OF, C(1556)), (FPCT, C(1557))

(F_RAT, C(15583)

(KODE, C(1559)), (KASE, C(1560))

(RONT, C(1561)), (NF, CI156233

[NO, C(1563)}, (NE, C(1564I)

{NOEQ, C(1565))

(SEX(1),

B_F(1),

HXT

VXPLS,

VFPLS,

EN LNII),

DEL NIL),

HC(II,

S(1),

Xll),

(DELTA(If,

(_C(1),

(PC,

(SC,

IT,

(AAY,

(HC,

(PCP(I),

IDATU_(1),

(PC,

(IPROB,

(lhS,

(ISY_,

(II)IB,

(IDRM,

C(1771))

C(1786I)

C(18013)

Cl180333

C(180533

CI1861))

C(1951))

C(20413)

C(213133

C(222133

C(2241)},

C(2261)),

C(2276)),

C(2278]),

C(22803),

C(2282 ),

C(2284 ),

C(2286 ),

C(2311

C(2314

C(2316

C(2318

C(2320}

CI2322)

C(2323)

(BCX(15), C(17853

(BCF(15), CII800)

(HF, C(1802)

(VXMIN, C(1804)

IVFMIN, C(1806)

IEN LN(90), C(19503

(DEL N(go}, C[2040)

(HO(90), Cl21303

(S(903, C 2220I

IX(20), C 2240)

(DELTA(201, C 2260)

(86(153, C 2275)

IHSUBG, C 2277))

(T LN, C 22?9))

AAY LN, C 2281))

CPSUM, C 22833)

TC LN, C 2285II

PCP(25), C[23103I

DATUM(_), C(2313))

to, Cl2315))

IFIXT, C42317))

ICOND, C(2319))

IPROD, C(2321))

ILCRUN, C(2323))

IKDRUM, C(2324))

1673

1674

1675

1676

1677

1678

1679

1680

1681

1682

1683

1684

1685

L686

1687

1588

1689

109_

1691

Ih92

1693

I694

169b

1696

1697

1698

1699

1700

1701

1792

1703

1704

I105

1706

1707

1708

1709

1710

1711

1712

1713

1714

1715

1716

L117

1718

1719

1720

1721

1722

1723

1724

1725

1726

1727

1726

1729

1130

1731

1732

1733

1734

1735

1736

1737

1738

1739

1740

1741

1742

1743

1744

1745

1746

1747

1748

34



FEb I VAL[ NC E

rQbIVALENCF

,', Qb IVALF NEE

F_.UIVALFNEF

E_bIVAL_NCE

t-CblVALENCE

ErUIVALEHC r

FI_UIVAI F_'_C E

Ff_b I VAt F%CF

ECUIVALrNC_

EODIVAL[ _,;CF

FCUIVALFNCF

FLUIVAL_NCF

Ff. UIVALZNCE

E(:U I V A L._ _C,:

[l, C(232511,

Y, C(232111,

N, C (2329] I ,

IL:I, Cl23311) ,

I(.3, C(2333} ) ,

I_A I , C(2335] I ,

IAgb, C(23361 ) ,

IIAPF, C(233_11 ,

I[:F_bG, C (2347'1) ,

A(1), 6(2342}I,

(,['FFTI( l}, C(369211,

(C_'FFT2(1), g(504211,

((.I:FFT( I ), 6(63_21),

( ;_ tC:t-'( 1 ) , C(714211,

(_'_TC_(I), C(1742}),

LI, C 2326))

MI, C 2328))

IC, C 2330))

IE2, C 23321)

K_AT, C 2334))

[USE, C 2335))

[INUMB_ C 2337))

P, C 2339))

IfRUI) C 23411)

(_(13501, C 3691))

(COEF:II(135J , C(5C41)1

C/,_FT21I350 , 6[6591))

(COEFill3b? , C1774111

(ATC_{3C3), C(8644))

(MSIO_(303), 6(804411

[;l_'::,_51{'t ,, 6(2'-',21), _(15,90), EN(901, _N LN(gC)

g IVF:NS itqFJ DFL ',!( 9o I , FiO(qC) , S(901, X ( 2'_1

[!lh _'4SINN OELE_(2C), dO(15), PCP(25), pRCr)[ 3)

DINLNSIRq COEFXl20), UX(2O), FOl_,_(lb)

tJIF_FqSII/N CIIEFTIII5,9_) , b(EFT2{15t9OI

glMFNSI_]N EL_[(15), UATA(231, DAIU,M( 31 ,

fiIV', NSIRN 80XlIS), BCF(15), ANS(454),

[:lr'_'_glq_J LLMI([_) ,MTSYS{ LS) )MUATA1231

l:l_! qS IL]N ANSi AP,(454), C{]FFTII_,qOI

[3 l r-'r NS I(3N _'AIC)_(101,3) , ATO_(ICI,3)

I:[M' NSI[IN i]RtJM(2C,?l )

D[G 4C-3777777777 ?7

[l;ll!=r

EF. I_I=C'. (

If ( IUSt ) 8E,EC,P, 1

81 IUS_I:IUSE+I

EC 1 K=L,ILST

x(_):C.:

1 I_EI r.'s [ K )-C.

IT[RA:L

KAPUT- i

DSU_'I=H IGNF

SAVE F'ATRIX IN {_kUN

CQ £2 ID=I,IUSr

[',,(n82 JN=I, IUSF ]

82 ['_RUM [ [ L;, JN )=G ( 1 U, aN)

RECIN ELIMINAIII_N OF NNTH VARIABLE

6 17[', 45 NN:L,IUSE

IF (N"J-IUSE) £,_,8

{{3 IF{G(NN,NN))31,23,31

SEARCH FOR F'AXlb'Ub_ COEFFICIENI IN EACH ROW

8 ill:: l_, I=NN,IUSE

J=NN

[F(G(I,J)) 99,14,99

9q CUEFX(I)=O. r

IC J:J+I

If I ItJSL1-J) 12,E_,E4

84 IFI ABSF(GII,J)) - ABSFICOFFX(II)) I0,I00,100

IOC CODEX( I)=ARSFIGI I,J))

Cfl TO 10

12 CQEFX(I)= /_BSFIC{IEFXII)/GII,NNI)

G() TO IR

14 C(?EFX( I)=BIGNO

18 CCNT INUF

Ig TE_P=B IGNO

I=i,

2C CC 22 J:NN,IUSE

IF {COEFX(JI-IEFwP) 87,22,22

87 IEPP=CE_EFX(J)

l-J

22 CCNTINLE

IE(I) 28,23,28

23 I[; II_=NN- 1

GC] T[; ._0

tfIRMLA(I£)

SYSTM([5)

1_49

IlbO

1151

1152

1753

1154

i155

1756

1157

1758

1159

1760

1761

1162

1163

1764

l?6b

1766

1167

1768

1759

17/0

lilt

1772

1113

1774

1775

1776

1777

1718

1779

1780

1?81

1782

1783

1784

1785

1786

1787

I ?88

1189

179_

1791

1792

!793

1794

1795

1796

1797

1798

1199

1800

1801

1802

1803

1R94

I805

1806

1807

1908

1809

i810

1_11

1812

1813

1814

1_15

1916

1917

1818

1819

1_20

1821

1822

1823

1q24

55



INDEX I LOCATES EgUATICN [0 BE USED FOR ELIMINATING THL NIh

VARIABLE FRQR IHF REMAINING EOUAIICNS

INIERCHANG F EQUATICNS I AND NN

2_ IFINN-I) 2C,31,29

29 DO 3G J=NN,IUSEI

Z=GII,J]

GII,J)=GINh,J)

30 GINN,J)=Z

gIVIgE NIH ROW BY NTH I]IAGONAL ELEMENT AND ELIMINATE TflE NII_

VARIABLE FROM THE REMAINING EQUATICNS

31 K = NN + 1

DO 36 J = K, IUSEI

IFIG(IXN,NN)) 36, 23p 36

36 DINN,J) = GINN,J) I G(NN,NN)

IF(K-IUSEII 88,45,88

88 DO 44 I : KjIUS[

4C DO 44 J = K, IUS[I

G(I,J) : G(I,J) - GII,NN)*GINN,JI

4,_ CO_'iT I NL, E

45 CDNTINLE

8ACKSOLVE FOR THE VARIABLES

ggl ]DID = IUS[

K = IUS£

47 J : K ÷ i

SUP = C..

IF(IUSk - J) 51,48,48

48 DO 50 I = J,IUSE

5C SL._ = SUM ÷ 8(K,I)-OX(I}

51 DX(K) = G(K,IUSEI) - SUM

XIK) = ×IKI + [;XIK)

K = K - I

IF (K] 47,151,47

151 [,_!3 90 ID = I, IUSE

DC qO JD = I, IUSEI

9C GIIC,JD) = {3RUMIIC,JDI

CALCULATE RESIDUALS [DELIA RIGHT HAND SIDE}

52 DSUM = O.

DO 62 I = I, IUSE

SbM = Oo

I)C 56 J = I, IUSE

56 SUM = SUM + GII,JI*XIJ)

DELIA(IT = GII,IUSEI) - SGM

IFIARSF(D([,IUSE1)) - 1.0) 62, 62, 60

60 DELTA(IT = DELIA(1) / G(I,ILSEI)

62 _5UM = AHSF(DELIA(I)) # DSUM

GO [C(66,8C}, KAPUI

66 IF[I_SIW - CSUFI] T4,80,68

6_ KAPUT = ?

DO 72 K : I,IIJSE

7? XIK) = X(K) - DX(K]

G_ TU 52

74 DSbMI : IcSL_

ITERA = ITERA + 1

IFIITERA - 4) 92,80,92

92 DQ 78 1 : I,IUSC

IF(APSF(GII,IUSEI]) - 1.0) 75,75,75

75 G(I,IUSEI} = CELIA(1)

GO in 78

7_ G(I,ILSEI) = Z;ELTA{I) * GII,IUSEI}

78 CCNTI\UF

CD IG o

8C RLTURN

1525

l_Z6

1527

1_28

1529

1_30

1_32

1833

1334

1335

ld36

i837

1838

i93g

1'40

184I

I_42

I $43

I _44

1!1_5

!_46

1841

1348

1849

18bO

t851

1_52

18_3

1854

1855

1_56

1857

IB58

1869

I_6C

Ig61

I862

i_63

i_64

I_65

1866

1867

1668

1869

IS7C

18/I

1872

1873

I_74

I5/5

1876

1877

1878

18/9

18HG

lg81

1882

18_3

1884

1885

i886

1887

1888

18R9

189L

1891

lq92

1893

1894

1895

56



SUHROUIINE UATRIX

CC_gN C

E_UIVALENCE

EQUIVALENCE

E_UIVALENCE

EQUIVALENCE

EQUIVALENCE

EcJUIVALENCE

ECUIVALENCE

EuUIVALENCE

EQUIVALENCE

EQUIVALENCE

E_UIVALENCE

E_UIVALENC[
[_UIVALENCF

E_QUIVALENCE

EQUIVALENCE

E_UIVALENCE

EQUIVALENCE
E(_UIVALENCE

E_UIVALENCE

EQUIVALFNCE

EQUIVALENCE

EObIVALENCE

ECUIVALENCE

FCblVALENCr

ECUIVALENC[

EQUIVALENCE

FCUIVALENCE

E_UIVALENCE

EQUIVALENCE

EQUIVALENCE

E_QUIVALENCE

E_UIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

_QUIVALENCE

ECUIVALENCE

(O(11, C(I)I

(ANSIll, 6(421)I

(HSUMt

(WIMOtl

(E)LMPIt

(V_ACH,

(VACIt

(I_HOI,

(_HO,

(T PIt

(EP Plt

(1 ETA_
{ETA It

(AW ETA_

(SIG I,

(AW SIC,

(G{420)_

(ANS1454),

(424 ), {SSUM,

(426 ), (CP,

(_28 )t (DLMTP9

(43_ }, (ArATIC,

(432 )) (SP IMP)

(_3_ 1, ICE,

(431))_ (RHOVAC,

(439))

(440))B (Pl [p
C 442))t {A_ P[,

C 4_5))

C 466))_ (EP ETA,
C 448))i (T S[Gt
C 45L)), IEP SIC,

C 453})

C(420))

C1874))

C(425I)

C1427))

C(429))

C(431))

C(433))

C(436))
C(438))

C{441)1

C(44311

C(447))

C(450)1

C(452))

(ANSLAB(1)T C 875)), (ANSLAB(454)t C(132_))

(FORM(I)_ C 1329)), (FCRM(151, C(13431)

(FLMT(1)_ C 1344))t ({LMT(151_ C(1358)1

(LLMI(1), C 1344)), (LLMI(15), C(1358))

(I_ATA(1), C 1359)), (DATA(Z31, C(13RI))

(MDATA(1), C 1359)), (MOATA(23)) C(1381))

(FN(1), C(1382}), (EN(90), ul1471)l

(ISYSt C(1472)), (J_AN, C(1473})

(ACX_ C(1474)), (ACF_ C11475))

(AMX, C(1476II, (AMF, C(1477))

(HHOX, C(1478)), (RHOF, C(1479))

{COEFX(1), Cl1483)), (COLFX(2C), C(1499))

{I!X(l), C(15_C)), (DX(2C), C[1519)1

{FORMLA(1)s C(152C)1, (FORPIAII_)_ C(1537)1

(MMLA(1), C{152,3))t (PNLA(18), C(153711

{PROD(])_ C|1538}), (PR_I)(_), C(15401)

|SYSTP(II, C11541))_ (SYSTP(15)_ C(1555))

(MTSYS(II, C(1541)), (MISYS(151_ C(1555)I

(r_F_ C(1556)), (FPCT, C(1557))

(ECRAT_ C{155_))

E_UIVALENCE (K_{IE, C(1559)), (KASE,

E_UIVALENCE (K_NT, C(1561)), (NF,

E_UIVAL_NCE (NO_ Cl1563)), (NE,

E_UIVALFNCE (N_EQ, C(1565))

EQUIVALENCE [PCX(1), C[1771)) (RCX(I5),

FEUIVALENCE (ECF|I), C 1786)) (BOFII5),
_UIVALENCE (_X_ C 18,]1)) (HF_
E{_UIVALENCE (VXPLS, C I_03)) (VXM[N,

EQUIVALENCE (VFPLS_ C 1805)) (VFMIN,

Cl156011

C(1562l)

C(1564)l

C{17R5 l

C|ISOO l

C(1802 I

C(1834 )

C{1806 )

E_UIVALENCE (FN IN(1), C

E(QUIVALFNCE (DFL N(I)_ C

E_UIVALENCE (HO(1)_ C

E(JblVALENCE (5(1), C

E_UIVALENCF IX(1), C

FOUIVALFNCE (I,FLrA(1)_ C

_(;LIVALENCE (liCIlI, C

EQUIVALENCE {PC_ C

E{OLJIVALENCE (SO, C

E_UIVALENCE IT, C

FOUIVALENC_ (AAy_ C

EQUIVALENCE (HC_ C

EQUIVALENCE (PCP(1)_ C

FOUIVALENCE (UATUMII], C

E_UIVALENC[ (PC, C

EQUIVALENCE (IPROR, C
EQUIVALENCE (]HS, C

F_UIVALENC_ (ISY_, C

ECUIVALENCE (IDID_ C
EOUIVAL_NCE (I_R_ C

EQUIVALENCE (L, C

FCUIVALENCE (_, C

E_UIVALENCE (N, C

E_UIVALENCE IIQ1, C

EVUIVALENCE (I_3, C

E_UIVALFNCE IIMATt C

1861)) (EN LN(90), C(1950

1951)) (gEL N(qO], Cl2040

2041)) (HE|90), Cl2130

2131)) (SILO), C12220

2221)) IX(20), C12240

2241)) (UELFA(20)_ C{2260
2261)) (8C115), C{2275

2276})
2278))
2280))

2282))

22R6))
2311))

2314))

2316))
2318))

2320))
2322))
2323))

2325))
2327)I
2329))

2331))
2333))
2335))

(HSUBO, CI2277

(E LN_ C(2279

(AAY LN, C(2281

(CPSUM, C{2283

(TC LN, C(2285

(PEP(25), C(2310

(OATUM(3)_ Cl2313
(TCt C{2315

(IFIXT, C(2317)

(ICOND, C(2319)

(IPRUD, C(2321)

(LCRUM, C(2323)

(KURUN, C|232_)
(L1, C(2326)

(ML_ C12328)

(I_ C(2330)
(I_2, C(2332)

(KMA[_ C(2336)

(ILSE, C(2335I

1896

1897

1898

1899
19.0

1901

1902

19C3

1964

1905

19u6

1907

I_08

1909

1910

1911
1912

1913

1914

lg15

lg16

1917
1918

1919

192G

1921
1922

1923

19Z4

1925

1926

1927

1928

1929

1930

1931

1932

1933

1934

1935

1936

1937

1938

1939

1940

1941

1942

1943

1944

1945

1946

lg47

1948

1949

1950

1951

1952

1953

1956

1955

1956

1957

1958

L959

1960

1961

1962
1963

1964

1965

1966

1967

1968

1969

1970
1971



FOUIVALENCE {IADD,
E_UIVALENCE [[TAPE_
E(_UIVALENCF ([DEBUG,

FOUIVALrNC_ {A(1),
EqUIVALENCF (COEFTI(

FqbIVALENCE (CCEFT2(

E(_UIVAL£NCE (COEFT(I
_CUIVALFNCF [ATUMll)
_OUIVAL_NCE IMATUMII

C{23363}, (IINUMb, C(2337))

C(233833, (P, C(2339))

C(234911, {IFROZ, C(234Ili

C(234211, [A(135C]t C(36QI))
I), C(3692)I, (COEFII(1350), C(_041))

1), C[5042)), {COEFT2(I]SU)r C(6391))

), L(639233, (LOEFI(I]5C}t C(77413I

, C(/742)), (ATB_13C3), C(8_44))

), 6(7742))_ (M_T@M(303), C(8044))

DIMENSION G(20,211, A[15,90), EN(90), EN LNI9C)

DIMENSICN OEI. N(90)_ hO1903, S{WJO), X(20)
C[_FNSIIIN UELIA(2Q), _0(153, PCP(253, PRCO(31

OI_ENSION COEFX{2C)t OXl20), FOPM{Ib)

DIMENSION COEFTI([5F90) _ COEFT2(15,90)

DI_LNSI_N FLMT(1531 DAIA(23)t DATUM(J), FOKMLA(183

DIPENSIDN B0_(15), BOF(15)r ANSI454), SYSTM(15)

DI_ENSION LL_I(153,_TSYS(15]tMDAIA(233

DIMENSION ANSIAB(454), COEFI(15_90)

DIMENSION _ATfiMIIOI,3), ATCMIIOI,3)

DETERM[NE _HICH _ATRIX IS TO BE SET UP

SFNSE LIGHT LIGHT ON

I COMBUSTICN IYPE

2 ASSIGNEP TEMPERATURE

4 NHT CONVERGED

I_1=IOl

I02=I02

IQJ_IQ3

IF {SENSE LIGHT 2) 1,4
i SENSE LIGHT 2

IF (SENSF LIGHT 43 2,3

? SENSE LIGHT 4

IFIXT-}

[SY_:I_]

GC [0 13

IFIX[=2

l_S-i

ISYU:I_2

GO IO lq

4 IFIXI=2

IF (SENSE LIGHT I) 5,6

b SENSE LIqHI I

IHS=I
ISYM= IU2

GC T(l Ic

IF {SENSE LIGHT _) 7,

7 SENSE LICHI

IF!S=2
ISYV=ICI

CO TO 10

IHS=I

ISYM:Iq2

CLEAR MAIR]X SIORAGES 10 ZLR_

IC DO 212 I=1_I02

_O 211 K=I, IQ3

G(I,KI= C.C

211 CONTINUE
212 CCNTINUE

ICUNU=I

IF (L-I_) 14,213,14

213 ICCNC=2

BEGIN SET UP OF ITERATION MATRIX

14 DO 65 J=L,M
CALL BYPASS (3_1)

IF IlPROD-2) 65,214,65

214 IF (EN(J)I 65,65_12

CALCULATE THE ELEMENTS RII,K)

LIGHT UFF

EXPANSION TYPE

UNASSIGNED TEMPERAIURE

CONVERGED

1972
1973
1974
1978

]_76
1977
l_Z8

1979

1980

1981
1982

1983

1984
1985
1986

1987

1988

1989

1990

1991
1992

1993

1994

1995

1996

1997

1998

1999

20uO
2001
2002
2003

2J04
2005

2006

2007
2008
2009
2010

20L1
2012

23313
2:314
2015

2016
2017
2018
2019

2020
202[
2022
2023

2'_24
2025

2C26

2021

2028

2029
2030
2331
2032

2033

2,D34

2035

2336
2037
2038
2039

2040
2041
2942

2043

2044
2045
2)46

2047

38



12 DL 20 l=l, L

If (AlE,J)) 13,2¢,[3

13 TEt<_': AII,J)*E_,,(J)

EE Ib K=I, L

GII,K): G(I,K) + A(K)JI*IERM

t5 DCNFINUF

C

C CDPPLFT_ CELU_N A F{_R THE GAS MOLECULL

C

GI I , I01 ) =G{ l , Ill. )+TFRM

2L CCNIINt!

C( [_Jl, i()1) = GI Ik'l, [{_[)+EN(J)

C

C STATLN[NI 2q I5 FOR F[XEIJ It 3G IS FOR. VAR|ARL v F AND CONVLRGED

C F I xFi] [

C

21 IF (IFIXT-2) 24,30,30

L

C FCR ASSIONFP, T BYPASS ENERLiY ROW AND I COLUMN WHILE ITERATIP;G

C

24 TER"= (HC(JI-S(J))*FN(Ji

Ft YS I=I, t

G( l, 1_22)=G( I, 1_)2)+A( 1 , J)-fERt_

Pb CGI,T INL.[

C( 1_1, I(_'2) =G(I(;t) I(JS)+lr RM

6C [(3 65

C

C FILL IK TEFPFRATURE COLUMN AND RIGHT H_'_l bIIJE

C

30 IER'C=HC(JI'ENI J)

[',C _5 I=l,t

G(I, ](32)= G{ [, IIJ2 }+AI [,J)*TERH

35 C[_N T INu[

G( l<1, lC,b2} = G( IO], I£'2)+TERM

TERMI=(H_(J)-S(J) ).FN(J)

DC 60 I=I,L

G( l, IC))= C(I, IO3)÷A(I,JI.T[RMI

4C CCNIINbF

C( I('1, ILO)=G( I(1, (03) +IEI'_M[

C

C STAIEt_ENI 50 15 FOR INll4ALPY , 55 IS FEe ENTROPY E_.tlATICN

C

45 IF (IHS-?) 50,,55,55

5- O(l{]2, IO2)-5(IL2,I_2)÷HCIJI*TER_

G{ IC'2, IC_3)=G(I{:2, IQ3)÷HOIJI*IERM1

GC It) 65

C

C DURING E×PM.,SIC"I TH_ ENTROPY ROW IS FILLED IN

C

55 IERt_=S(J)*EN(J)

fJU 60 K=I,L

6C G([C2tK) = G(IC_tK)+A(K)J)*Tt-RM

CDNT INS +_

G( 1(!2, IOl )=G(IkS) ILl )+IFF, M

G{ [U2, lO?)-O( [L2, ICSI+hOIJ).IERM

G( IO2, I{13)=O{ I_+2, IC31+ IHC(J }-S{ J) )'IERM

65 CONI INUC

C

C AT THIS Pl][NT PROCESSING OF GASEOUS PRUDUCIS HAS BEEN CC]MPL[IED

C ANB CONDENSED PHASE PROCESSING IS eEGUN

C

C STATEMLNT 70 It, FOR CQNI)ENSEFJ PRCIJUCIS, 101 IS FOR NO CONDENSED

t

66 IF (1CONE-2) 7C',IO1,101

70 K=L1

DC ICO J= FI,N

CALL BYPASS (J, ] )

IF (IPROE-2) 100,74,10C

76 BP 75 I=t,L

GII,KI=AII,J)

75 CONTINUE

C

C STATEMENT 80 IS FOR FIXED T, 85 IS FOR VARIAELL T AND CONVLRGEO

C FIXED !

C

IF (IFIXT-2) _C,85,_'5

8C C(K,IO2)= {-0(J)-S(J)

2068

2949

2£50,

2551

2052

2053

2 ,54

/,?5b

; 366

2J57

, _59

? b 6 ..

2_'62

2 J6

2 ":&4

2:365

2'h6b

20t_7

2568

2069

23t0

2011

_::72

2)t'3

2276.

2015

2076

2071

2,,?,78

20/9

2'J80

2081

2382

20B3

23_4

23S5

23_6

2'381

2 _

2 _ 89

2 ! 90

2q')l

2 " 92

2 _ 9 .',

2 _%,4

2095

2096

2097

2098

Z_99

21 +0

2lEt

21_2

2163

21L4

2105

21C6

2101

2108

2109

211u

2111

2112

2113

2114

2115

2116

2111

2118

2119

212,5

212t

2122

2122,

,P124

59



85

GC TO 95

G{K, I02)= EG(J)

G(_,I03)= l-"(J )-S(J)

STATEMENT 95 IS FOR ENIHALPYt STATEMENT 90 IS FOR ENTROPY c_UATION

IF (INS-P) qS,90,qo

9C GII_2yKI=S(J)

9_ K= KIT

IOC CONT|N_E

REFLECT SYMmETI<IC PORTIONS OF THE _ATRIX BEFGR[ COMPLEfING TEE

£uM)ENbEt_ PHASE CONIRIBUTIDNS TO IHE MATRI_

101 rO 104 [=I,ISY_

0[) 102 J:ItlSY_

G(J,I)=GII,J}

tOP CONTINUE

In4 CENTINUE

IHL ADOKESS QF THE NEXI [NSTRUCI[ON IF SET DURING INITIALIZATION

STATEMENT 105 IS FOR CONDENSED, 130 IS FOR NU CONDENSED

IF (ICCNC-2) iC5,13C)130

COMPLETE CCLUMN A OF MATRIX

105 Oil 125 J=MI,N

CALL BYPASS (Jwl)

IF (IPROE-2) 125,106,125

IC6 I!{) 107 I=IIL

GII,IQI)=G(I,IQ1)+AII,J)*ENIJI

iC7 CCNTINbE

IF (IFIXT-2) 125,109,1G9

lOq IF {IHS-2) llO,ltS_ll5

lIE GlI02tIOl): G(IQ2,1OI)*HOIJ)tEN(J)
GO TO 125

[15 GIIQ2_I_I) = GII_2,1QII÷S{JI_ENIJ)

125 CONTINbE

130 GO TO {131,1331,IF1XT

131 K_AI=I_2

GC TO 13_

133 KR_T=IG3

13_ IM_T=K_AT-I

COMPLETE TEE RIGHT HANC SIDE

00 165 I=I,IMAI

G(I,KMATI=GII,KMAT)-GII,IQt)

165 CONTINUE

00 150 I:l,L

C(I,KMAT)= GlltKMAI)+ AAY*_O(1)

15C CONTINUE

P= G(I_1,1Cl)

150 GIIOI,KM_T) = GIIDI,KMATI+ PO

G(IOI,IUII=C.C

COMPLFIF ENERGY ROW AND TEMPERATURE COLUMN

IF (KMAT-IC2) 165,185,165

165 IF IIHS-2) 166,16B,168

166 ENERGY:AAYulHSUHOII)

GO TG 16q
16B ENERGY= AAY*SG+PC-P

169 G(IQ2,103I=G(IO2,1Q3)+ ENERGY

G{1£2,I02) = GIIO2pI_2I÷CPSUM
I£5 RFIURN

2125

2126

2127

2128

)129

2130

213l

2132

2133

2134

2135

2136

2137
2138

2139
2169
2141
2162

2163

2144

2145

2146

2167

2148

2149

2150

2151
2152
2153

2154

2155

2156

2157

2158

2159
2160
2161

2162

2163

2164

2165

2166
2167

2168

2169

2170

2171

2172

2173

2176

2175

2176
2177

2178
2179
2180

2181

2182

2183

2186

2185
2186

2187
2188
2189

2190

21_1



SU2ROUT[NECORE3
FRCZENCCNPOSIIIONE×PANS|ON

CEMMCNC
E_L[VALENCE
PtJUIVALFNCE
FlU[VALENCE
_I2UIVALFNC[
EUUIVALgNCE
E(JUIVAL_t_CE

E_UIVALFNCE

E_UIVALENCE

ECUIVAL_NCE

E_UIVALENCE

E_UIVALENCE

EQUIVALENCE

ECUIVALENCE

EQUIVALENCE

ECUIVALENCE

E_UIVALENCE
FOUIVALENCE

(G(1), C{I)], {G(420),

IANS(II, C[421)), (ANS(4543,

IHSUV,

(WTNOL,

DL_PT_

GAMMA,

VNACH,

VACI,

RHOI,

RHO,

f P[,

EP PI,

[ ETA,

ETA I,

AW ETA,

SIG I,

AW SIG,

C142433, ISSUM,

C(4263), [CP,

C(42R)), (DLM|P,

C(43033, (ARATIQ,

C(4323|t (SP IMP,

C(434 )t (CF,

C(437 )p (RhOVAC,

C{439 )

C(440 ), IPI I,

C[442 ), lAW Pit
C{445 )

C[446 ), IEP ETA,

C(448 ), IT SIG,

6(451 ), (EP SIG,

C(453 )

C(42013

C(_74)}

C(4253)

C(427))

C(4293)

C{4313)

Cl433))

Cl43633

C{43B))

C[44133

C(44313

C(44713

C(450))

C(4523)

EQU[VALFNCE

E_UIVALENCE

E_UIVALENCE

EGUIVALENCE

FQUIVALENCE

EUUIVALENCE

E_UIVALENCE

E_UIVALENCE

EGUIVALENCE

E_UIVALENCE

FCUIVAL_NCF

_tbIVAi. Er,CE

F_CUIVAL!NCE

FCUIVALFrCCE

F_UIVALFr<CF

ECUIVALFNC9

FUUIVALENCE
ELUIVALEI_CC

F(_IVALE_C F

ECUIVALFNCE

ANSLAB(tIt C[825 1, (ANSLAB[4543, C11323))

FORM(If, C[1329)), [FURMII5), C(13433)

CLMT(I), C[1344I), (ELMT[I5), CJ1358))

LLMT(1), C(1344))t (LLMT(15), C(1358))

(DATA(1)t C(1359)}, (DATA(23), C(1381))

(MDATA(1), C(1359}), (PDAIA[23), C(138133

(EN(I}, C[1382}l, [ENI90), 6(1471))

(ISYS, 6(14/2)), (JEAN, C(1473))

(&CX, C(147433, (ACE, C(1475))

(AMX, C(1476)], |AMF, C{1471))

(CCFFX(I), C(16_;C)), {bO_FX(±_), C(149q))

(bx(1), C(15 _)), (11X{203, LIISIgI)

(Ff?HMLA(1), C(152_)), [FOR_LA(I]), C(1537))

(_IA(1), C(152n)), (F_LA(I_), C[153711

{PR[I[;(1)_ C(15383), (PROI)(3), C[1540])

(SYSIV(I), L(1541))_ (5YSIM(15), C[15653)

(_TSYS(1), 6(1541)), (MTSYS[15I, C[155511

(IIF, C(1556)), (FPCT, C{1557))

(F_RA[, C{1558))

EOUIVALFNCF {KODE, C(15591), (KASE,

EQUIVALENCE (KONT, C(15613), (NF,

FCU IVALF"_C E (NO, C{1563)), [NE,

FCUIVALFNCF I hF'E O, C(1565)I

Fw:Iji VALFCICE (l,,_flrRI9 Z , r.(1566))

F;JUIVALFNCE {E_X(I), C(1771)), (BLX(153,

F!!bIVALCNC_ (_CF:(I), CII/RL)), [B_F(Ib),

FCUIVALCNCE (HX, 6(1801)), [FIE,

E(,UIVALFNCF (VRPLS_ C(IBC])), IVXMIN,

[_'UIVALENCF [VFPLS, C[I_05)), IVFMINt

C{1560))

C[1562I

C(1564)

C[17%51)

C(1800))

C(i_02))

C(L_04))

6(iq9533

FCCUIVALr_C?

F_UIVALF_CE

E#_UIVALrNCE

E(_UIVALCNCE

E(_UIVALE_CF

F(OUIVALFNCf

EgbIVALENCE

F(;UIVALFNCE

FCUIVALF_CC _

E(JUIVALENCF

EULJIVAL_NCE

ECUIVALrNCE

F,.UIV_L_NCE

_UIVAL=NCF

E_UIVAL_NCE

E_UIVALENCE

EQUIVALENCE

E_UIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EgUIVALENCE

EQUIVALENCE

IEN LN(1), C(IgLl]], (EN LNI90), C(195033

(DEL N(1), 6(19511), lOLL N(90), C(20403)

(HE(1), C(2941

IS(1), 6(213I

IX((l, L(22_I

(DCLIAil), L(2241

(BO(I), C[2261

(P'2, C(2276

(SO, 6(227_
(f, L(22_0 ),

(AAY, C(22R2 ),

(HC, C(2284 ),
(PCP[I), C(22_6 ),

(DATU_(1), L{2311 ),

PC, 61231_ ),

IPRO_, C(2316)),

IPS_ C(231_)1,

ISYM, C[232011,

IDIO, C[2322)],

IDRM, C[2323]),

[L,

{M,

IN,

), (H_190), C(21303)

|, 5(9_), C(222033

1, Xl20|, 612240))

I, DELIA(_v), C(2260))

), !_(15), C(227533

), HSUB_, C(2277))

), T LN, 6(2279))
A_Y LN, C
CPSU_, C
TC LN, C

P_.P(25), C
DAIU_(3), C

fC,

IFIKT,

ICOND,

IPROD,

LDRUM,

KDRUM,

6(2325}), ILl,

C(2322]), [MI,

C(2329)), (IC,

22£1))

22_333

22£5))

:'3121)

2313))

23151)

2317)1

2319))

2321]]

23231)

2324))

2326))

2328)I

23301)

2192

2193

2194

2195
2t96

2191
219_
2199

2200

2201
2202

22(33
2204

2205
2206
2Z07

2208
2209
221U

2211

22£2
2213

2214
2215
2216

2217

2218

2219

2220

222t

2222
2223
222_

2225

2220
_227
2228

2229
2z3S

2231

2232
2233

2234
2235
2236

2237
2233

22J9
2240

2241

2242

2243

2244

2245

2246
2247

2248

2249
2250

22_1
2252
2253

2254
2255
2256

2257

2358
2259
2260

2261
2262
2263

2264
2265
2266

2267



1A¢ _

1

C

C

C

C

111

1

]

2

2

2

112

2

]]2

2

2

3

C

C

C

EOUIVALFNCE

EQUIVALENCE

FOUIVALFN ¢r

FQUIVALENCF

EQUIVALENCE

EQUIVALENCE

FQUIVALENCF

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCF

EQUIVALENCE

([QI, C[2331 * (IO2, C{23321)

(I08, CI2333 , iKMAT, C(233a))

(I_AT, C(2335 , (IU% c , C(23_5})

{IADC, C{2336 . (ITNUMB. C(2337))

(ITAPE, CI2338 , (P, C(2339))

IIDEBLJG, C(2340 ), (IFROZ, C(234II}

IAII), C(2342) , (AI13501, C(3691_)

(COEFTI(I), C(3692 ), (C@FFTI(1350), C(5DQI))

(COEFT2(1). C(5042 ), (COEFT2(1350), C(639I))

{COFFT{Z}, C(6392) , [COEFT(I3501, C(7741})

(ATOM(I), C(7742) , (ATOM(303), C(8044))

(MATO_(Z), C(77421 . (MATOM(393), C(£O&all

DIMENSION GI20,21), A(15,90), EN(90), EN LN(On)

DIMENSION DFL N(901, H_(9_), S(90), X(20)

DIMENSION DFLTA(20), 30(15)9 PCP(25), PRODI3)

DIMENSION CMEFXf2_), DX(2O), FOPM(15)

DIMENSION COEFTIt15,901 , COEFT2(15,90)

DIMFNSION ELMT(15), DATA(23), DATUM(31, FORMLAI18

DIMENSION qnx(15), B0_{15}, ANq(454}, SYSTM(15)

DIMENSION LL_T(151,MTSYS(15),MDATA(23!

DIMENSION ANSIAB(a5A), CREFT(15,90)

DIMENSION MATOM(IOI,3), ATOM(IOI,3)

NO FPOZ=

MISSED=O

DO 1004 J = 1,454

ANS(j) = ANSLAB(J1

IADD=I

ITROT=3

ALPHA=O.

DO 7 J=I,N

EN(J)=ANS(4*J+q4)

IF (EN(J)) 6,6.15

IF (j-M) 5,5,7

EN LN(J)=LOGF(ENIJ))

ALDHA=ALmHA+rN(jI

GO TO 7

EN LN(JI=O.n

ENIJ)=O,

_RNTINUE

WTMOLF=ALOHA*WTMOL

PC=ANSi2)

T LN=LOGF(ANS(3))

HC=ANS(4_/],O8726

$0= (ANS(5)_WTMOLF/].OR726)+ALPHA*LnGF(PC/ALPHA)

DLMPT=O,

DLMTO=O.

£FGIN CALCtlLATIONS Fq_ ¢t)#PFNT P_INT

CHFC_ TFMmFPATUR r _ANG_ _F TH_RMOmYNAMIC _ATA

DO 1117 J=I,A_4

ANSLAB(JI=AN%(J)

T=EXDF(T LN)

IF (COEFT(7,1)-TI 21,27,27

IF (COFFT(7,]I-5_N0°n) 23,22,451

IF (IADD-2) _1,_1,3]

DO 112 _ _ = 1_I_

D£ 1123 J = 1,90

COEFTIK,j) = COEFTI(K.J)

SENSE LIGHT 4

_N T_ 19

DO 1125 _ = 1,15

DO ]125 J = ],90

COFFT(K,J)=CDFFT2IK,J)

S_NS _ LIGHT

GO TO 19

IF IT-COEFT(6,1)I 29,35,35

IF I300.O-COEFT(6.1)) 25,22,451

IF (SENSE LIGHT 41 38,305

LEAVF FPRZEN DPRG#AM IF DATA FOP ANY SDFCI_S #UNS PUT

226_

2269

227n

2271

2272

227B

2274

2275

2276

2277

2278

2279

22q0

228I

22R2

2281

2284

22g5

2286

22m?

22££

2289

22_0

2291

2292

229m

2204

2295

229_

2297

2298

2299

2300

2301

2302

210_

23oa

2305

2306

2307

2308

2310

2311

2312

231m

231_

2315

2316

2317

231_

231o

2320

2121

2322

232q

2324

2325

2326

2_27

2_2_

2329

2330

23_2

2_

23_4

2335

2336

2337

2338

2339

2340

2341

2_2

42



35 IF (IAL. U-2) 51)_7)'_7

31 IF (SENSE LIGHT 4) 3!_)41

8_ SENSE LIGHT 4

I,* 4b J=I)K

IF {CO_ET(_,J)} 4C)3_))40

3£ IF (EN(J)) 40,q )309

4C Cri,,( T I)., b r

O[ Tq 4'9

4i P,C 44 J=I,N

tF (aN(J)) 44,44,42

42 IF (COiFT(b,J}÷2_.C-T) 2_5343,4J

43 If (I-CIJEFT(4,j)+2C.O| 295)44,44

285 1£ {b:3._.C-CCEEI(5)J)) 44,44,.}11

7<_5 IF {C{)CFT(4,.I)-_. r'.G) 44,44,311

44 CU:;T [_b'

C

C PEGIN ITERATION

C

49 PeP LN=LGGFIPCP(IAD[]))

51 CPSUM=_.C

[=E>(PF ( [ LN)

CC; hO J=I,N

IF (Fr,_(J|) 60,,(.0,57

51 CPSUP=CPSUW+I ( ({COEF f( 12,J)*T+COEFI( 11 ,J) )*T+CCEFT(IT,J) ) _'I+COEFT(

19,J) )* I'_-CGEF f (8, J I )*EN(J)

58 UO[J)= I ( { {CQEF I ( 12, J )/5.03 *T*C(JEF I ( 11, J)/g.r.,).'.I+C()EF [( 10, J)/3o ?) *I

[+CCf FTIg,J)/?.!,)'T +C{)FF f (13,.I) IT+C(WF I { _, J )

59 S(JI=(I(ICCEFT(12,J)/4.0 ))T+COEFT{I1,J)/).O)"I+COEFT(tr,J)/2° _)*f

} +CCEFI(9,J)),_I4-CREF[(SpJ)*T LN*LCEFTIt4,J)-rN LNIJ)

6L CC;,, T lNb_

SU _ h = S . I"

SUi. S=C ."

I;Q t_) J=I,K

SUM H=SUV I-+Hn(J)'EN(J|

63 SUi_ S=3UM S÷S(.I)*[NIJ)

IF ([ACD-2) 81,65,65

65 IF (SENSE LIGHT 4) 66,8[

66 SENSE LIGHT 4

61 0 LN T=ISUM S*C&LPHA*PCP LNI-SO)ICPSUM

C

C CHECK CONVERGENCE OF THE- IIERAT[QN

C

E LN:T LN-C LN T

IF (ABSFID LN Tl-O.SE-43 73,7;{,51

73 IF (SENSE LIGHT 4) 17,17

81 l]Q 1181 J = ],454

1181 ANS(J) = ANSLAR|J)

SlJb' H=T.SUM H/WTMOLF

CPR=CpSUM/h TMOLF

GAMMA=CPR/(CPR- ( I. O/WTMOL ) )

IF (IACD-2) 200,L91,197

C

C CHECK FOR CONVERGENCE AT THROAT

C

191 DHSTAR=HC-SUM H - IGAMMA*T/I2.0*WTMOL))

IF (ABSFIDHSTAR/(HC-SUM H)I-O.4E-4) 1973197,192

192 IF {IfrOf) 193,197,193

193 PCP(2) =PCP( 2)/( I.O÷2.0*DHSIAR*WTM_L/(T_IGAMMA÷I.0) ) )

SENSE LIGHT 4

ITROT=ITROT-t

GC TC 49

C

C CALCULATE PERFCRMZ_NCF PARAMFTERS

C

IC, 7 SP IVP=Pq4.q8.S,?,RIF((HC-SLP H)-I.g_TZ6E-3)

P=PC/PCP ( I _CC )

AW- ( 86 .AS 7g*f ) / ( P.I'dT_'OL* [4.GgGOC&* SP IPP)

IF (lARD-2) 203,2C'1,2C3

201 AWI=AW

CS I AR= 32 • 174)PC • t 4.6gGC06•AWT

2C2 CF-32.174*SP If'P/CSTAR

ARATIC-AW/_wT

VACI=SP IMP+P* 14.696GC(..AW

VVACE:SP I _PISCRT F ( 76. 4579.GAMMA* T/WTMCL)

207 /_NS(2)=P

ANS(3I=T

2)43

2 )44

2345

2346

23'-, (

2 )4d

2549

/35G

2351

2)52

2 _b3

2354

2{55

,336

2357

2 _58

2359

2 360

23(>l

2 362

23&_

2 {64

2365.

2 )60

/ 307

? 368

_369

- _Td

,' _Ii

23,'2

2373

2574

375

.376

Z377

2378

2379

2380

2381

2382

2383

2384

2385

2386

2387

_388

2389

239;a

2391

2392

2393

2 _94

2395

2396

2397

2398

2399

2400

2401

24C2

2403

24S4

2405

24,36

2407

2408

24Q9

2410

2411

2412

2413

2414

2415

2416

2417

2418

4:5



POq PSCM=SLM H*I.q_726

CP=CPR.I.g_726

ANS(1)=PCP(IACC)

ANS(15)=CS)AR

WRITE TAPE 3,(ANS(1),I=1t454)

NG FROZ=NO FR_/+I

IF |MISSED) 451,223t451

223 IACO=IABC÷I

IF (IAEO-2) 1225,224,1225

224 PCP|2)={(GAMMA_I.0)/2.O)*_(GAMMA/(GAMMA-I.C})

T LN=T Lk+LOGF{2.O/(GAMMA÷I.O)}

1225 IF (IAED-25) 225,225,45!

22_ IF (PCP(IACC}) 451,451,227

227 SENSE LIGHT 4

GC TC 49

ERROR PRINT OUI

C

C

C

305 WRITE CUTPLT TAPE 6t306,T_IADD

3C6 FORMAT (17FLTHE TEMPERATURE=EI2.4,28H K, IS OUT CF RANGEpPOINT 15)

IF (60CC.O-T) 44q,3c7,30/

3C7 IF (T-20C.C) 44g,3C6,3C8

3Ce GO TE 41

4419 MISSEO=I
I ITROT=C

I IF (SENSE LIGHT 4) 51,51

45_ WRITE TAPE 3, (G|I), I=I_BC443
CALL CCRE5

REIURN

30_ WRITE EUTPLT TAPE 6,31C,(COEFTiI,J)_I=Iw3),COEFT(6,J),COEFT(?,J)
31C FCRMAT (13F6THF SPECIES 3A6,2gH hAS NO DATA IN THE INTERVAL 2F9.1)

80 1311K = 1,15

DO 1311J = I,gC

1311 C_EFT{K,J} = CEEFTIIK,J)

_00 TO 449

311 WRITE CUTPLT TAPE 6,312, (COEFT(I,J)tI=I,3),T

312 FORMAT (13F6IHE SPECIES 3AT,19H HAS NO DATA AT T= Fg.I|

GO TO 44g

2419

2420

2421

2422

2423

2424

2425

2426

2427

2428

2429

2430
2431
2432

2433

2434

2435

2436

243T
2438

2439

2440

2441

2442

2443

2444

2445

2446

2447

244B

2449

2450
2451

2452

2453

2454

2455

2456

44



SUERCUIIKE CCRE4

CFAPMAN-JCLGUET FETONATICNS

CCWRCN C

EQUIVALENCE

ECUIVALEkCE

EQUIVALENCE

EEUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

E_UIVALENCE

_CUIVALEKCE

EQUIVALENCE

E_UIVALFNCE

E_UIVALENCE

EQUIVALENCE

E_UIVALENCE

EQuiVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

E_UIVALENCE

EQUIVALENCE

EOUIVALENCE

ECUIVALENCE
EQUIVALENCE

ECUIVALENCE

E_UIVALENCE

EQUIVALENCE

ECUIVALFNCE

EQUIVALENCE

E_UIVALENCE

E(UIVALENCE

EQUIVALENCE

E_UIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

ECblVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

ECbIVALEECF

EgUIVALENCE

[gUIVALENCE

EGUIVALENCE

EGUIVAIENCE

EgUIVALENCE

E_blVALENCE

EgUIVALENCE

E_UIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

ECU[VALENCE
E_UIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

FCUIVALFNCE

EQUIVALENCE

(G(1),

(ANSI1),

(HSUM,

(WTMGL,

COLMPT,

{GAMMA_

IV_ACH,

(VACI,

(RFOI,

(RFO_

IT PI,

(EP PI,

IT ETA,

iEIA 1,

IAW ETA,

ISIG I,

IAW SIG,

CCII), (G1420),

CC421)), (ANSI454),

CC424)), CSSUM,

CC426)), (CP,

C(42_)), (DLMTP,

C(430)), CARAT)C,

C(_32)), (SP IMP,

C(434)), (CF,

CC437}), IRFGVAC,

C(439)}

C(440)), (PI I,

C(442)}, (A_ PI,

C(445 )

C(446 ), (EP ETA,

C(448 ), (T SIG,

C(451 ), (EP SIG,

C(453 )

ANSLAOII), C(875 ),

FCRM(1), C(1329)),

DATA)I), C(1359)),

M[:ATA(1), CC1359)),

EN(I), C(1382)),

ISYS, C{1472))

ACX, C(1474)),

ANX, C(1476)),

RbCX, C(147e)],

CC420)

C(874)

CC425)

C(427)

CC429)

C(431)

C(433)

C(436))

C(438))

C(441)}

C(443})

CC447))

CC450))

C{452))

(ANSLABC454), C(1328))

(FCRMCI5), CC1343))

CDATA123), C(13BI))

CPOATAI23), CC1381))

(EN(gO), C(1471))

(ACF, C(1475))

(AMF, C(1477))

(RHOF, C(1479))

C_EFX(I), C(1486)1, lCOEFX(20), CC1499))

DX(I], C(1500)), (DX(20), C(1519))

FI]RMLA(1), C(1520)), CFOR_LA(I_), CC1537))

MMLACII, C([520)l, CPMLACI8), C(1537))

PROD(I), C(15381], (PROD(3), C(1540)}

SYSTM(1), C(1541)), (SYSTR(15}, C[1555))

MTSYSCI), C{1541)}, {MTSYS(15), C(1555))

OF, C(1556)), CFPCT, C(1557))

OOF, C(1556))

PERCF, C(1557)), IEQUIV, C(t55_))

EQRAT, C([558))

(KASE, C(I560))

KONI, C(156Z)), (NF, CC1562))

(NO, C(1563)), (NE, C{1564))

(NOEQ, C(1565))
(NCFRCZ, C(1566))

(Pl, CC1567)), CTI, C(1568))

(AMI, C(1569)), CFl, C(15?OI)

iCON, C(1571)), (IIR, C(1572))

(R, CC1573)), (KCDE, C(1574))

CJEAN, C(1575)), |GAMF, C(1585))

CAI, C[1576)), {42, C(1577)), (43, CC1578))

(44, C(1579)), (45, C(1580)), CAb, CC1581))

(A?, C11582)), CA8, C(1583}], (49, C(1584))

(UUS, C{1586)), (US, C(1587))

CPPP, C(1588)), (TTI, C(1589))

(TE, C(1590)), {TEN, C(1591))

(AMD, C(1592)), (UD, C(1593{)

(AROLCI), C(1594)), IAMOL[IOS), C[1698l)

(KD, CC1763)), (If, C(1764))

{_P, C(1765)), (IN,_C(8046))
(ME, C(]76_1I, (KORE,

(BCXII), C(1771

(BCF(1), C(1786

(HX, C(1801

[VXPLS, C(1803
CVFPLS, CC1805

(ELMT(|), CCLBC?)],

(LLMT(1), CC1807)),

(FN LN(I), C(1861

(DEL N(L), CC1951

(HO(I), C(2041

CSCI), C(2131

(xCl), C(2221

C(8047))

), (BCX(15),

), C8CF(15),

), (HF, C

), (VXMIN, C

), (VFMIN, C

ELMICIS), C(1821

LLMII15), C(1821

), (EN LN[qO], C

), (DEE N(90}, C

), (HC(90), C

), (SIgO), C

), (X(20), C

C(1785)}

C(1800})

1802))

1804)I

1806}}

)
)

19501)

2040))

2130))

2220))
2240))

2457

2458
2459

246C
2461
2462

2463
2464
2465

2466
2467

2468

2469

2470

2471

2472

2473

2474

2475

2476
2477
2478

2479

2480
2481

2482
2483
2484

2485
2486
2487

2488
2489

2490
2491

2492

2493
2494

2495
2496

2497
2498

2499
2500

2501

2502

2503

2504

2505

2506
2507

2508
2509

2510
2511

2512

2513

2514

2615

2516

2517

2518

2519

2520

2521

2522

2523

2524

2525

2526

252?

2528

2529

2530
2531
2532

45



E_UIVALENCE
E_UIVALENCE
F_UIVALENCE

EOUIVALENCE
E_LIVALENCE

ECUIVALENCE
ECblVALENCE
ECLIVALENCE

ECLIVALF_CE

ECLIVALE_CE

E_UIVALEKCE

E_UIVALENCE

E_blVALENCE

E_UIVALENCE

ECUIVALENCE

EC_IVALZ_CE

E_LIVALENCE

EObIV_LENCE

EOUIVALEkCE

ECbIV_LEKCE

EGLIVALENCF

ECUIVALENCE

FCUIVAEEkCE

ECL[VALENCE

EQLIVALFNCE

ECblVALENCE
ECUIV_LE_CE

ECblVALEKCE

EQUIVALENCE

FCUIVALENCE

FCb[VALEkCE

IQt
llC1

#IVFNSION

DIVENSIUN

_[NSION

C[VENS[£K

{DELIA(I),

{BOll),
(PC,
(SO,

IT,

AAY_

HCf

PCP(1),

DATUM(t),

PC,

IPRCB,

IFS_

[SYM,

ICID,

ICRP,

L,

N,

N,

IClw

{MAT,

IAD6,

ITAPE,

IDESbG,

(COEFTI(1),

(CCEFT2(1),

{CCEFT{I},

C(22_t))

C122613}

C(2276])

CI22/8))

C(228C))

C(229233

C(228433

C(2286)I

C 231133

C 231_))

C 23163)
C 231E))
C 232C))

C 2322)}

C 2323]]
C 2325))

C 232?))

C 2329))

C 233133

C(23331l
C(23353)
C(2336))

C(2338)1

C(2360))

C(3692}

C(5062))
C{639233

(AIOP(1), C(7742)),

{MATCP(I), C(7742))

{T]TLEII), Cl8C55

(All), C|857_})_ {A(6gC

G{20,21), A{15,9C)_
EEL N|gcI, _0{90},

CELTA(2C), 8C(153,

CCEFX{20), DX(20)_

(DELTA(20), C(2260))

|5C{153_ C[227533

IHSUBO, C(2277))

(f LN_ C(22793l
|AAY LN, C(2281))

(CPSUM_ C|228333

(TO LN, C(2285))

(PCP(253, C(23103)

(DATbM{3)_ C(23133}

(TC, C(2J1511

(IF[XT, C{2317})

(ICCND, C(2319))

ILCRUM_ C(232_))

IKCRUM_ C(2324))
ILl, C(2326))

IMI_ C12328}l

(IC, C(2330I]

(I92_ C{2332))

(K_AT_ C(23363)

(ILSE, C(2335))

(IINUKB, C(2337))
{P, C(2339))

(IFROZ, C(23613l

, (COEFII{1350)_ C(b041)|

(COEFT2(1350), CI6391)|

(_QEFT(135C), C{716131

ATCM{3O3), C(80443)

|M_TOMI303)_ C(8044))

) , (TIILEI315), C_83693)

, C{9267))

EN(90)_

S(_O),

POP(25),

FOR_(]U)

W[NSI£_ CQEFII(15_gO) _ COEF12{15_90)

_ENS1DN ELMT(15)_ OAIA(23)_ OAIUM(3)_
MENSICN 8CX(15), 8CF(15), aNS{4543,
PFNSION LIMT(I5)t_TSYS(ISI_MCATA(233

VENSIQK ANSLA_(4563_ COEFT{15_903
_ENS[ON MATO_[}C],3), ATG_IICl,3)

CORE LCAC 6 DETONATION VELOCIIIES

IF(JEAN-101)ICC,]OI_IOC

ICC WRITE ZUTPLT TAPE 6_2

2 FCRPAT (38_i DEICNATION VELOCITY

PPP=|5.O

CC_=(ACF+CCF*ACX)/II.0_OQF)

AMI=AMx*_MF*{I.O+OCF)/(AMX*OQF*A_F)

_R[TE CUT@LT IAPE 6_[C2,K_DE

1C2 FORMAT (4X_5_KQDE=II}

PCP(1)=I.O/PPP

PCP(2)=O.O

R=|.98726

III=O.C

FI=HSU_C,R

PI=PC

II=IC

TC:C.C

PC=PC'I_.6_6CC_

Ifk=O

ILS[:O

JEAN:TO1

2C HSbBO:PI/R+o75*TIIAVI*PPP

21 KCRF =0
RETURN

90 1101 J: 1,656

ANS(J) = A_SLA_(J)

GAM=GAMM_

IFIKODE)£1,92,91
91 GA_M_=CAMMa*(I.O÷DLWPT)

EN LN(90)

X{20}

PROOf3)

FORMLA(18)

SYSTP{153

CALCULAIICNSI

2533

2534
2535
2536

2537
2538
2539

2560
2541
2542

2563
2544

2545

2546
2547
2548
2549

2550
2551

2552

2553

2556

2555

2556

2557
2558

2559
2560
2561
2562

2563

2566

2565

2566
2567
2568
2569

2570
2571

2572

2573

2574

2575
2576
2577
2578

2579
2580
258|

2582
2583

2584

2585

2586
2587

2588
2589
2590

2591
2592

Coffee|ton
2593

2594
Correction

2595
2596

2597
2598

2599

2600

2601

2602

2603



q2 PPP=ANSI2)/PI 2604

TTT=_NS(3)/T1 2605

E=pp P 2606

EE=TTT 260T

IF([TR)2Cl,209,2CI 2608

20C TE_M=WTMCL/AMI 2609

ii=O 2610

WRITE EUTPLT TAPE 6,2O3,[[,PPP,TTT 2611

[?_ 202 II=1,7 2612

TE_=TEF_/TTT,GA_MA 2613

pppP=II.C+C_MMA)/(2.C*TEM|* 2614

2I[.S+S_kTFII°C-4.C*TEM/II.C÷GA_MA)**2)) 2615

TE=TEM/G_NA*PPPP 2616

TTTT=EL-.?5*R/I_PI*CP)*E+GANMA.R/(2.*A_L*CP)*IITE**?-I._)/TE)*PPPP 2617

wRITE CUTPLT TAPE 6t203,I|tPPPP,TTTT 2618

203 FCR_ATII5,2E2C.£I 2619

IF(ABSF(PPPP-PPP}-.[)205,205,206 2620

2£_ PPP=PPPP 2621

TTT:TTTT 2622

202 CCXTINL_ 2623

205 PCPII)=T]*ITTT 2624

pc=pl.pppp 2625

TC=C.O 2626

IPt4CP=3 2627

[Tr=t 2528

GA_=CA_ 2629

GE TC 21 2630

201 TE_=PPPITTT*_TMcLIAMI 263L

TE_=II.O-GAMMAu(TEM_-I.O}] 2632

AIt=L.CIPPP-GAPMA*fEMM*II.C+£LMPT] 2633

AI2=GA_A*TEMP*It.O-DLPTP} 2634

A2I=GA_I2.C*(DLMPT÷TEMP,*2*I2.C+#LMPl))-ELMTP 2635

bAL=G^_A/2.0*(TE_**2÷I°O) 2636

A22=hAL*(CL_TP-t.O)-NT_QL*CP/R 2637

_]=I.C/PPP-fEM 2638

B2=WIMELI(#*ANSI3))*(HSUM-HI)-GA_AI2.E*|TEMM*'2-t.O! 2639

ASSIGN 51 TC Jd 2640

50 FF_=AIl*A22-A2t'At2 2641

X]=(BI,A22-B2*AI2)/EEM 2642

X2=(AII*R2-A21_BII/EEM 2643

GE TG JJ,(51,52,53, 5g) 2644

5[ TE=A_SFI×II 2645

TEP=ABSF(X2) 2646

[FITE-.4)q4,q4,95 2641

q_ IFITE_-.41g6,9_,95 2648

gL ^L_=I.O 2649

CC TE £7 2650

q5 IF(TE-IEMIq3,q_,q_ 2651

93 PAI.=TEF 2652

OE TO gq 2653

98 F_L:TE 2654

qq ALAM=._/PAL 2655

97 PPPP=PPP_E_PFI_I*ALAM} 2656

TTTT=TTT_EXPFIX2*ALAM) 2651

301 us=qI.1849_ *S_RT_IGAMPA*ANSI3)/_T_L) 2658

U_=TEMP.US 2659

PCP(I]:T[*ITTT 2660

PC=PI_PPPP 2661

TC=C.O 2662

IPrC8=3 2663

TE=WTMCL/API 2664

TF_=PPPP/TITT*TE 2665

T=XI_m2+X2**2 2666

EE=S_RIFIE| 2667

_RITE CUTPLT TAPE 6,10,ITR 2668

[[ FCRM_T (21FO ITERATIEN NUMBER=I2,ICX_3HOLD,tlX,3HNEW//) 2669

_RIIE CLJTPLT TAPF 6,30,ppP,PPPP,TTT,TTIT,TE_P_IEM,XI,X2,US,UC,E 2670

2,Ek 2671

3E FCR_ATI6X,4HPlPI_IOX,lb=2E20.816X,4HTIII,1CX, IH=2E20°BI6X'BHRHOIRH 26?2

161,6X,IH=2E20.£/6X,11HEEL LN P/PI,3X,IP=E2C.8/6×,ltHDEL LN T/TI,3X 26?3

2,1F=E2C.S/6X,2FUS_I2X,[H=E2C.fI6X,2HUD,I2X,IH=E2C.BI6X,IHE,13X,IH = 2674

3E2E.8/£X,I_HSQ_ ROCI _F E,IX,IH=E20.8) 26_5

ppp=pppp 2676

TTT=TTTT 2677

]F(APSFIXII-.SF-CS)]I,II_I2 2678

11 IFIABSF(X2)-.5_-051I3,13,12 26?9



52 |F(ITR-IC)I4,]3,13 2680

14 ]]_:[TI_*I 2681

GA_"A:L_W 2682

CC TC 21 2683

1] JEAN=IC 2684

P=PPP,PI 2685

I=TTT-II 2688

us=qI.I_4g6 -S_RTF{G_MPA*TIWTMCL) 2687

UE:TEM*US 2688

WRITE CUTPLT TAPE 6,31 2689

31 FCHPAT (I7FI FINAL AKSWERS//) 2690

_RIT[ EDTPLT TAPE 6,32_PPP,TTT,TE,TEM,P,T,WTMCL,Pl,TI,AMItUSvUC 2691

2,CCN 2692

32 FCRPAT {6X,4NP/PI,ICX,IH=E20.8/6X_4HT/TI,ICX,Ih=E20.8/OX,4HM/MI,IO 2693

2X,I_=E20.9/6X,_HRHG/RHCI,TX,IH=E2C.8/6X,1HP,ISX,IH=E20.8/6X,IHT,13 2694

3X,IH=E20.B/6X,IHM,13XIIH=E20.8/6X,2flPI,12X,IH:E20.8/6X,2HTI,12X,IH 2695

4=F2C._/6X,2HMI,12X,IH=E20.8/6X,2HUS,12X,IH=E2C.S/6X,2HUO,12X,IH=[2 2696

5C.8/TX,2FCP,12X,5H=E20.S} 2697

IF(CCN)41,40,41 2898

45 GAPF=CCN/(CCN-R/AMI) 2699

A_C=UD/(91.18496-SQRTF|GAMF*TI/AM1)) 2700

WRITE CUTPLT TAPE 6,42,GAMF,AMD 2701

42 FORFAT (6X,THGA_MA FtTXjlH:E20.8/6X,2HM_,I2X,IH=E20.8) 2702

GE TE 15C 2703

4C GAMF=O._ 2704

AMC:C.G 2705

]5C F_M=.5*I2.E+CL_PT) 2706

T£_M:.5*IDLMTP-].C) 2707

WRITE CUTgLT TAPE 6,55 2708

55 FCRMAT (17FC DERIVATIVE OF,12X,4_LN P,13X,4HLN T,13X,SHLN bDI4X, 2709

22P_YI 2710

_I=5.OIPPP-GAMPA_TEM 2711

82:GAM_Am TEM**2 2T12

ASSIGN 53 TO JJ 2713

GC TC 5C 2714

5_ CASEI=(FEM*XI÷T[MM*X2-I.C)*UD 2715

X5=XI-5.C 2716

WRITE CUTPLT TAPF 6,81,XI,X2,CASEI 2717

81 FCRMAT (EX,12HLNPI AT TItG,TXrlM=3EI7.8) 2718

AI=X5 2719

A2:X2 2720

A3=C_SEI 2721

81=GAMMA*TEM 2722

B2:-BI.TEM-WTMCLJCON/R/TIT 2723

ASSIGN 59 TO JJ 2724

GC TO bO 2725

59 CASE4=IFEM*XI÷TFMM*X2+I.G)*UD 2726

X2=X2-I.C 2727

WRITE CU/PLF TAPE 6,84,XI,X2,CASE4 2728

R4 FC_ATIGXfI6HLhTI AT PI,_I_MI,3X,IF:3EIT.8| 2729

A4=X5 2730

A5=X2 2731

A6=CASE4 2732

_l=O.O 2733

B2=-WTMCL/(R*T) 2734

ASSIGN 52 IO JJ 2735

GE TO 50 2736

52 XI=XI.50GC.O 2737

X2=X2.10CC.C 2738

CASES:IFEM*XI+TEMM.X2).UC 2739

WRITE EUTPLT TAPE 6,85,XI,X2,CASE5 2740

85 FGR_AT (6X,2Chhl AT TI,PS,MI :3E17.8) 2741

AT=X1 2742

AB=X2 2743

Ag=CASE5 2744

GAMma=GAP 2745

IPRO8=I 2746

ULS:91.58486*S_RTF(GAMF*TI/AM1) 2747

WRSTE TAP_ 3, IGII},I=I_8C44) 2748

CALL DLT 2749

KC_E:I 2750

RETURN 2751

48



CC_uCN C

P_LIVALFKCE

FCLIVALrKCr

I (;LIVALFNCE

FC'L IVALFKCF

FELIVALFECE

FCt. IVALFNCF

E{:LIVALE_CF

FLUIVAL_NCF

CCUIVALEkCE

F(;LIVALEkCE

ECLIVALFNCE

E_.UIVALENCE

E_L, IVALE_CE

F(.L. IV_LE_C_

EC(.|VAL_CE

F(.UIVALEKCE

FK.LIVALFkC[

F_LIVAL_NCF

ECLlVALFNCF

FCLIVALE_CF

F_LIVALE_CF

[C'L. IVALF_CE

FtCLIVALENCE

[CUIVALE_CE

_i;LIV_LFkCE

_CLIV_LF_CE

ECLIVALE_;C[

_LIVALENCE

TCbIV_LEKC[

_C(,(V_LC&C r

E_dLIVALFNCE

EKUIVALE_CE

FCL[VALFLCE

E_LIV_LEKC[

FCLIVALENCP

[QUIVALEKCF

[CUIVAL[_C_

FCUIVALrKC#

ECLIVALfNCF

E_LJIVALENCE

FCCIV^LE_CF

FCt. IVALFNCF

ECLIVALEKCF

CLLIVALENCF

F(.kJIVALENCE

ECLICAL[NCF

ECLIVALE_,CE

FLOIVALEKCF

FLLIVALFKCE

FtjL;IVALEKCF

EIJblVALE_CE

FCLIVALENCE

F_bIVALFKC[

FCUIVALEKCE

E_LIVALEKCE

FCblVaLF_CE

F_UIVAL_KCE

F_LIVALENCE

F(_LIVALEXCE

EI. LIVAL_CE

FCLIVALEKCF

[I:CIV^LE_C_

[_bIVALE_C£

FCLIVALENCE

FCL[VALENCE

EC_[VALENCE

FGLIVALFNC_

EEUIVALENCF

EQbIVAL_KCE

F_L. IVAL_KCE

FCLIVALFKCE

FCCIVALENCE

F{_UIVALFKCE

r;(1), C(1)),

A_S(1), C[421)},

WTWCL, C(426)),

[!LVPT, C(42F)))

Ch_A, C(43Q)))

VPACF, C(_32)),

VACI, C(434)))

R_OI, C(_37)),

RiO, C1439))

I PI_ C[44G}]_

Fr' PI, C[4_2 ),

T ETA) C{_5 )

[TA I, C(666 ),

A_ FTA, C(440 I,

SIG l, C(451 ],

a_, SIC, C(453 )

A_'SLAD(|)) C(@75 ))

FCRW(1), C(132_)),

Ul'AIh(1)) L(1359)),

FN(!), C([3_2)),

ISYS, C(14/21)

ACX, C(1674}),

A_X, 6(1476)),

R_-CX, C/167_)),

(Q{_2C), C[_ _ )

(ANSI_b_), Cli!7g)

(CP, C[427)

(UL_TP, C(_2_}

(ARATIC, C(_I)

(SP IMP, C1433)

(CF, C{436)

[RF_VAC) C(g_R)

lPJ I, C(441)

lAW Pl, 6(44_)

(EF ETA, C(4G7)

(T SIS, C(450)

|EP SIG, CIGS2)

(ANSLAB(454), C(I_2;_))

(FERn(15), C(I)4_))

(D_TA(23], C(l_ql))

(NE;ATA(23), C(]_f_l))

(EN(g01) C(14/I))

(ACF, E(1475))

(AMF, 6{147())

(RHCF, 6fl47O)I

(CI_EFX(11, C[14_C]], {COFFX(Z_), C(1499

(EX(1), C(150C)), [DX(20), C(151g)I

(FCRM[A(II) C(15?(}}, (FERNLA(Ie.), C(1537

(PRQ['(1), C[153R)), IPRQD{3), C(1540))

(SYSIM(I)) C(1541)}, (SYSI_(15), 6{1555l

{MTSY5(1), C[15&[)), [MTSYS(L_), C[1555)]

[OCF, C[1556)]

(f_F, C{[556)), (FPCT, C(155/))

(P_RCF, C(155/]], (EQUIV,

(ECRAI, C(155_))

(KASI,

{KC_I, Cl1561)), (NF)

(NC, C(15h3))) (NE,

(_:FEC, C(1565)1

[ _CFRCZ, C(1566) )

[Pl, 6(1567)), (I[,

{^_I, 6{156g)1, (F[,

[C{?_, 6{1571)), (ITR,

(_<, 6[1513)), (KCDE,

(JEAn, C{1575)), (GAMF,

C11558))

CI156n))

C 1562))

C 1564))

C 1568))

C 15701)

C(1572))

C(1574))

C(1585))

(AI, C[1516)), [A2, C[1577)), (A3, C(157_))

(A_, C(157g))) (AS, C(IbSO)), (A6, C115_I))

(Al, C(1582)|) (A_, C([583})) (Ag, C(15_6))

(ULS, C(_586))) (US, C(1587))

(PPP, Cl[SOB)), {IT|, C(1589))

(TE, C(IbO0)), [IEM, C{15_1)I

(AWD, C([59_1), (UD, C(1593))

(K[2, 6(1763)), [II, C(I76_))

(M_, C(I/65)), (IN, 6(_046|]

(MF, C[17_))

(_CX(1),

(R,DF[I),

(HX,

(VXPLS)

[VFPLS,

[FN LK(1),

[EL K(1),

H_II)t

S(ll,

X(l|,

IFLTA(L))

_l[),

PC,

SC,

T,

AAy,

C(177l]

C(ITH6|

C I_I]

C fro3|

C 1805)

C I_61)

C ig5[))

C 20GL))

C 21)I))

C 22211)

C 2241))

C 2261))

C 2216)|

C 2290))

C 2282))

(BcXllb), C(17R5)

(_CFIlS), C(180N)

(Hf, C(1892]

(V_MIN, C{1894)

(VFWIN, C{1806)

(EN LN(gC), C(1950}

(DEL N(qC], C120_0

(He{go), C[2137

(5(9C), Cl2220

IX(20), C(22_0

(DELIA(2C), C(2280

(BC(15), C(7275

(HSt, B0, C(2277

IT LN, C(2279

|AAY LK, C(22q1

ICPSUM, C(27_3

27bZ

215_

27b_

Z 756

?7_7

2758

Z 759

Z T66

2761

2762

2T6J

2764

27_5

2?66

2767

27_R

776

2771

2712

277_

277':,

27_b

2 I76

2777

2778

2779

21,90

2781

2 t_2

21,R3

ZT84

27_5

27_6

278_

2 ?_9

27q0

2 ?9 [

27'92

2793

2794

2795

21"_6

2798

199

2_)00

2EC1

2 ',02

2_03

2ROA

2_G5

2 _ .'. 6

2._07

28GE_

2 _'39

2HIO

2811

2_12

2_1_

2q16

2gLb

2'_16

2qll

2_L8

2_L9

232O

2:_21

2 g22

2_25

2q2,4

2_25

2926

_9



ECUIVALmNCE

EQUIVALENCE

FED(VALENCE

FCL[VALFNCF

FOLIVALChCF

[CLIVALENCF

FCUIVALEKC[

ECUIVAIENCE

F<DIV_LF_CF

ECDIVALENCF

E_UIVALF_CF

ECUIVALEKCE

ECUIVALFNCF

E<U|VALFKCE

ECUIVALENCE

_CbIVALEKCE

£CUIVALENCF

ECUIVALEKCE

ECUIVALENCE

FGUIVALENGE

EEL]VALENCE

FCbIVALENCE

ECCIVALENCE

ECbIVALEKCE

FCUIVALEKCE

ECUIVALENCE

FCUIVALENCE

FCLIVALENCE

ECLIVALEKCE

(H(., 6(2284

(PCP(1), C(2286

(LATUP(II, 6(2311 ,

(PC, 612314 ,

(IPRCl!, 612316 ,

(IPS, 6(2315 ,

[ISYM, L(2320 ),

l[_l[;, 6(2322) ,

[l_R_, C(2323))

(L, C(2325 ),

[Mr C[232/} r

(I_i, 6(2331)}

(N, C(2329)

(I_3, C[2333)

(IPAT, 6(2335)

[IA_D, 6(2336)

( ITAPE, C(2338))

[ I[:E_UG, C(2340))

(CCEFTI(1), C(3692)

(CCEFT2ll), 6(5042))

(CCEF]{I)t C(6392))

(ATOP(l), C(7742)),

(_AT_(1), C[7742)

(TITLF(1), C(8055

)p f¢ IN, C(22£5))

PCP125), C(2310))

DATUP{3), C(2313))

F6, C(2315))

[FIXT, C(2317))

ICOND, C(2319))

(PROD, C(2321))

LCRUM, C(2323})

(KCRUM, C[2324]]

(LI, C{2326)]

(M[, 6(2328))

(I_2, 612332))

, (I_, 6(2330))

] (K_AT, 6(2334))

, (ILSE, 6(2335))

) (IINUM8, 6(2337))

|P, C(2339})

(IFROZ, C(2341))

) (60EFTI(1380), C(5C41))

(CCEFT2{I35D}t C(639[))

(COEFI(1350), 6(7741))

ATCMI3G3), 6(8044))

[MATOM{303)I 6[80441)

), (TITLE(315)t C{836g)I

(ELM]([), 6(1867)), ELMT(15), C(l_21])

(LL_T(1), C(1867)), LLMT[15), 6(1_21))

{A_OL(1), C(9268)), AMOEllI70), 6[i0437))

(AT]), C[8578])t A(6gc t 6(9267))

{KSAN,C([C623))

C[_ENSION

D[_FNS[O_

CIPENS[ON

CINENS[QN

DI_FNSIQN

C[_FNS[(]N

_IPFNSIflK

EI_FNSION

EI_NSIC_

CIMFNSI(]h

DIMENSI(_

6(20,21}, EN[90),

DEL NIgO], HC(�C , S(£0),

EELT_(2C), 6C(15 , PCP[25),

COEFX{2C), DX(?O , FORM[Ib)

CCEFII(15,90} , UCEFI2(IS,90}

ELMTI[5), CATA(23), DATUm(3),

BCX[]5), 8CF(IS), ANS(4541,

L[._T[15),MTSYSII5),MDAIA{23)

ANSLA_{654)_ CCEFT(15,90)

MATC_(IC[,3), ATCPIICI_3)

IITLF(3,ICS), A(15,46]

h_CL(13,g r )

FN IN(90)

X(20)

PRCD(3)

FOR_LA(18)

SYSTV(15)

2 FER_AT {qHCCASE hC.I5,F_.2_FS.2)

3 FCSPAT {lh;,64X,52H_T FRACIION ENTHALPY STATE TENP hLAT CAP

?ACITY/25X,IEHCHEMICAL FORMULA_24X,IOH(SEE _CTE),4X,THCAL/MCL,�X,

]SF[;_G K,4X,IJPCAL/MOL-EEG K)

4 FCRPAI (IhC,a4x,46H_T FRACTION ENIHALPY STATE TEMP CP /

2 25X,I61_CHE_ICAL F_RMULA,44X,IO_(SEE NDIEI,4X,7HCAL/MC[,

3 IC_,SFEEC K)

5 FCR_AT(IE+,63X,Fq.5,FI2.3,_X,AI,FIC.2_FI].4)

F_RPAT(IF÷,83X,Fg.5,FI2.3,4X,AI,FIC.2,FII.4)

7 F_K_AI (IFC,3CX,4HC/F=Fg.6,15H, PERCENI FUEL:FB.4,2OH, ECUIVALENCE

I RATIO=FT._)

2C FCRMAT (43X,46_FTCN&TION PRCPERTIES OF AN [DEAL REACTING GAS)

2I FC_AT (43_,4526ALCULATED USING SPECIFIC HEAT RATIC AS CAMMA)

22 FCR_AT (D!C,24HTHFRMQDYNA_IC PROPERITESI27X,12HUNB!RNEE GAS_ 5X,10

2_FURNF6 CA_)

23 FCR_AT IX,6PP, AT_,2CX,FI2.5,3X,F[2.5)

26 FCR_AT ]X,SHI_ EEC K,IBX,FI2.2,3X,FL2.t)

25 FCRWAT IX,gHH_ CALIG ,I/X,FI2.1,3X,FI2.1)

26 FE_AT IX,ISHS, CAL/G-DEG K ,26X,F12.4]

27 FC_AT IX,IIHP, NCL. _T.ISXtFI2.3,3X,FI2.3)

28 FCR_AT IX,I6_CP, CAL/C-CEG K ,ICX,FL2.4,3X,F[2.4)

29 FCRPAT IX,L2H(1)LNW/DLNPIT,[4X_FI2.5,3X,FI2.5)

3C FCR_AT IX,I2_(DLNM/I)LKT]PeI4X_FI2.k_3X,FI2.4)

31 ECR_T IX,SHGA_MA,2IX,FI2.4_3X_FI2o4)

32 FERP_T [IX,qhUS, P/SEC,I7X,FI2.1,3X,F12.1)

33 FCRMATIIF$11X,4CHBURNE_ GAS COMPOSITION [N _LE FRACTIENS//)

36 FCRFAT {IHC/lX,21HDFTONAIION PARAMETERS,

22X,27HIUC IN F/SEE, H] IK KCAL/G))

35 FCRMAT (1HC,4FPlPI,4X,1H:FT.3,SX_2IH(DLIP/PI)/OLP[)TI,HI=FS.5,5X_I

2_[DL(P/Pl)/DLI1)PI=F8.5,SX,2OHI_L(P/PI]/DHI)P],TI=F8.S)

36 FCK_AT ( [_,42T/II,_X,IH=FT.3,5X,21H[DLII/II)/_.LP1)I[,h]=FS.5,5X,I

18F(DL(T/TI)/PLTI)PI=F�.5,SX,2OH(_LIT/T]]/D_I)pI,TI=FS.5)

2H28

Z829

2830

2831

2832

2833

2834

2835

2836

2831

2838

2839

2840

284t

2942

2843

2844

2845

2846

284/

2848

28_9

2850

285i

2852

285_

2854

2855

Moles

2856

2857

2858

2859

2_60

2861

2862

2963

2864

2855

2_66

2_67

2_68

2869

2370

2971

2812

2873

2874

2875

2876

2877

2878

2879

2880

288t

2882

2883

2884

2885

2886

2887

2888

2889

2890

249[

2_!92

239_

2894

2395

2896

2891

2898

2899

2900

2901

2902

5O



37 FCRWAI II×,4_/_I,4×,IF=FI.4)

3_ FCR_AT (I×,;H_KC/RHCI=F7._)

3_ FCRWAT (IX,'_H_ACF" NF.=F7.4)

4C F[k_aT I1X,ghUP =FT.lt5X,16FIC UD/ULPt)T[,141,4X,IH=F8.2,5×,I3

]HID UC/CLT[)PI4XfIP=FS.2,5X,t5H(C bDIDH1)PI,TI,4X,1H=F8.2)

ICCC h_ITE LUTPL[ fAPl 6,1_

I_ FCRWAT (IF[)

552 REWINC 3

3CC eEAg TAPE ),(Ar.iSIII,I [,454)

HAL=PI*I4.Tg6CCE

I=I

J-39

{g 550 JJ=l,_

_WELII,I)=ANSIJ)

J:J+4

35C l=l÷l

WRITE £UTPLI laP[ £,20

[FIKEf'E)351,352,_51

351 WR[TE CUTPLT TAPE 6,21

352 CCXTINLF

e ZF_c:OCCCCCCCCCCC

it6 .1=_4

(:r ]C4 I=I,N

C[: 1(;5 1i:l,3

KK-J+II

iC5 TIILI (II,I)-ANSIKK)

IC4 J:J÷4

ASSI(_N 9C TC JrA_i

92 WRITE (UTPLI T_P[ 6,2,KASE,HAL, T1

CC IC JTAN,IgL,gl)

9C IF [KD] 71C, 7C0, 710

7CC IF [KSAN) 7C2,701,7C2

701 WRITE [UIPLI IaPF _,3

CC fC 97

7C2 hRITE CUTPLT TaP[ 6,733

733 FCR_AT {IHE,64X,5?H ME]L_S ENTHALPY

2ACITYI25X,16HCFFWICAL FORMLLA,24X,IC_

35Fi:EG K,4X,13HCAL/MCL-_EG K)

GC IC 57

/[C IF [KS_N) 712,711,712

711 _RITE CUTPLT TAP[ 6,4

CC TC g7

712 _RITE EUTPLT TAPE 6,744

/44 FCf4_AT {[HC,84X,46H _(qLES ENTHALPY

? 25X,I6HCPEMICAt FCRMULA,44X,IOH

3 ICX,SPfEC K)

97 IF(NF)451,45C,45]

451 £C ICO I:I,_F

II=l

_P:15

CALL SPEC

IF (KI:)4C I, 400,4CI

40C hRITF CUTPLT TAPE 6,5,A(I,34),A

CC TC IrC

401 WRITE CUTPLT TAP_ 6_61A(I_34)tA

[CC C[NTINLE

45C IF(_C)453,452,45_

45] EC tel I=I,NQ

II=l

_=C

C_tI SPEC

IFIKC)411,41C,_ll

41C WRITE CUTPLT TAPE

CC TU Igl

411 WPlTE CUTPLT TAPE

101 CENTINLF

452 CCNTINLE

_RIT[ CUTPLT TAPE 6,7,COF,PERCF,F_LIV

6,22

6,23,PEEP

6,24,TL,[

6,25_H[_ANS(4]

6,26,AN5(5)

6,27,ANI,_NSI6)

6,2_,CIJN,A_S(?)

t,2q,IERC,ANS(_)

WRITF CUTPLT TAPE

WRITE EUTPLT T_P[

WR[TE [UTPLT TAPE

WRITE EUTPLT TAP[

WRITE LUTPLT TAPF

WRITL EUTPLT TAPE

WRITE CUTPLT TAPE

WRITE CUTPLT TAP[

STATE lrMP FEAT CAP

,4X,THCAL/MCL,WX,

STATF TFMP CP /

,4X,THCAL/MCL,

1,32),Al[,42),A(I,44),A(I,36)

1,32),a(l,42),A(I,44),A(I,_6)

6,5,All,33),A 1,31),_(I,41),A(I,43 ,A(I,35l

6,6,A[I,33),A [,31),All,41),A(l,43),AII,35)

2).]

2(;04

2gU5

2308

2969

2910

2:_lt

2912

2_l$

2914

2;15

2916

2917

2918

2919

2920

2921

2]22

2_23

2924

2_25

292_

202/

2928

2929

2930

2931

2932

2Q3

29J8

2939

294C

2<)41

2942

2'_43

2944

2g45

2946

2947

2948

2949

2950

2951

2952

295_

2954

2955

2956

2957

2958

2959

2960

2961

2962

2963

2964

2965

2966

McIos

51



WRITF LUTPLT TAPE 6,30,ZERC,ANS(S}

_RITE CUTPLT TAPE 6,31,CAMF,ANS(]C)

hRITF CUTpLT TAPEA,32vLUS,US

WRITF CUTNLT TAPF 6,33

IK=I

_E=2

CALL CC_P

WR[TF EUTPLT TAPE 6t34

WRITE [UTPLT TAPE 6t35pPPP,AltAA,AT

WRITE EUTPLT TAPE 6,36,TTTtA2,AS,A8

WRITE EUIPLT TAPE 6tAO,UUtA3,A6_A9

WRITF EUTPLT TAPE 6,37,TE

_RITE [UTPLT TAPF 6,38,TEM

WRITE CUTPLT TAPE 6,30,AND

207 WRITE EUTPLT TAPE 6t16

16 FORMAT (IFC,30X,I6PINPLT, G-ATOMS/G/I]

IF{_TE-E)8C,AC,BI

80 KK=]

KKK:NE

LCEP=I

CC TC _2

81KK=I

KKK=8

LCI]P=2

82 CC 85 J=ItLOCP

WRITE CUTPLT TAPE 6vlI,IELMI(1),I=KKtKKK)

I] FCRMAT Ill_,8(6XtA2,7XI)

WRITE EUTPLT TAPE 6,12,(_CF (1),I=KK,KKK)

12 FORMAT (5H FUEL,6XtBEI5.T)

WRITE CUTPLT TAPE 6t13tlBOX II),I=KK,KKK)

13 FORMAT (8F OXI_ANTv3XvRE15.7)

WRITE UUTPLT TAPE 6,1_,(8C (1),I=KK_KKK)

14 FCRkAT (lie PRCPELLANTt8E15.7)

IF (LOOP-I) 86,85,86

86 KK=9

KKK=NF

_RITE CUTPLT TAPE 6,15

15 FCRMAT(IFO)

85 CEKTINLE

ASSIGN 91 TE JEAN

GC TC $2

91 IF {KSAN) 751,750,751

75C WRITE CUTPLT TAPE 6,119

119 FORMAT (CFCNCTF.,2X,71FWEIGHT FRACTION OF FUEL IN TOTAL FUELS AND

1OF [;XICA_T IN TOTAL CXIDAkIS)

751CCKTINLF

RFTURN

2967

2968

2969

2970

2971

2972

2973

2974

2975

2976

2977

2978

2979

2980

2981

2982

2983

2984

2985

2986

2987

2988

2989

2990

2991

2992

2993

2994

2995

2996

2997

2998

2999

3000

3001

3002

3903

30C4

3005

3006

3007

Moles

Moles

3009

3010

Moles

3011

SU_RCUIIKE ENCE IN,W)

CUTPUTS CC£ PRCCUCTS

CCMMCN C

EEUIVALENCE {TITLE(1)t C(8055)), (IITLEI315)t C(8369))

_IMENSIO_ M(ICS)tTITLE(3,1CS) ,TEN(IC),F_T(3)

WRITE EUTPLT TAPE 6,1

FMT(1):74013320736C

FWT(3)=21CE_46C6060

TEMl1)=6C6001677302

TEP(2):6CC10_677302

TE_(3)=6C0207677302

TEM(4)=6CC4CC677_02

TFM(5)=600503677302

TE_(6):6CC6066773C2

TEP(7)=600111677302

TE_(8):6C1102677302

TEM(9)=_ICCC5677302

TEF(I0)=CIC110677302

K=C

KK=10

J=MII)

3012

3013

3014

3015

3016

3017

3018

3019

3020

3021

3022

3023

3024

3025

3026

3027

3028

3029

3030

3031

3032

3033

3034

3035

3036

52



IFI I-KK) 2C,2C,21

2C K=K÷[
CC T(] ._

21 K=!
KK=KK* 1C

WRITE CIJTPLT T_PF 6tl
[ FCR"_T (1F )
5 FVT(2J=IEtV(K)

WRITE CUTPLT T_PF 6,FNT,IITLE{2tJ)ITITLE{3,J)

1C CCNTINLE
RE [URN

3037

3C38
3039

306G

304X
3342

3043

Y_44

3045

3046

3367

SbERCUIINE SpEc

CUTPUTS FbEL A_C OXIDANT FRCM SUBRCUTIhE INPbT

CCMNCN C
ECUIVALEKCE (gONTt C(1763|)

E_bIVALENC_ (It C[1766l)t |MwC)I765))
E_IVALENCE {All)t C(8578)), (AI69C), C(9267)1
E_UIVALENCE {ELVT{1), C(1807)), (ELMI(15)t C{1821

CIMENSION A(15t4&),TEMIS),ANAMEI5)_ELMT(15)

CIMENSION IllS)

55 FCRMAT (10X,4_FUFL)

6_ FCRVAT (IOX_?HCXIDANI)

IF IV ) 2,1t2

I WRITE CUTPLT TAPE 6,66

GC TC 3
2 WRITE CUTPLT TAPE 6,55

3 K=C

CC II J=It]5

KK=I÷M

IF(AIJ,KK)I12,1Itl2
12 K=K+[

TEMIK)=A(J,KKI

ANAMEIK)=EL_T(JI

II(K)=TEMIK)

Ii C_NTINLF

IF(KENt)21,20,21
20 _RITE CUTPLT T_PE 6,6,(ANAME(1),II(1),I=I,K)

6 FCRMAT(Ik÷,I8XtSIA2mI2t5X))

GC TC 13

2l WRITE CUTPLT TAPE 6,StIANAME(1),TEM(1)pI=£tK)

5 FCR_T (IH÷t18Xt5(A2tFB.Sw3X))

13 RETURN

3068

3249
3050

3351
3052
3053

3056
3_55
3056

3Z57
_058

3259

3060
3061

3062
3063
3066

3065
3066

3067

3068
3069
3070

3071
3072

3073

3074
3075

3076
3077

3078
3')79
3080
3081

55



SLt_CUII_E CC_P

CGIPLTS CC_PCSITI_N

C[_YCN C

F<bIVAtE_C[ _OL(ll, C(qZL8)), (AFOLIlllOI, CI10437))

EBUIVALE_CF _AN_, C(1768)), (I_, C(8C66)l

!CLIVALFkCE _T C(IYLS}), IN, C(2329)l

F(UIVAL[_C_ ITITLE(I), C(8055)), ([IILE(315), C(836q))

TCUIVALF_C[ (_TItL_(ll, C(SO5bll, (_TITLE(315), C(836ql)

FCLIVALE_CF eFIT,_C_IT)

(_I_[_SIF_N IITLFI3,1CSI,IO_ITII05I,ILESSIICSI

_I_FNSI[_N _CLI13,qC)

Cle_Slr_ F_TI4),TE_(4)

CIP_SIP_ _IIILE (3,IC8)

I FEKVAI (IX,PA6v2X,I_Fq. SI

; Ffi<kAT (IFC, 118P_DI) 1tlC_AL PRC_LCTS WHICH WERE CONSIUEREU BUT W

I_'FS e _CLE FRACTICNS WERE LESS TeA_ 6,0CCOe5 FOR ALL ASSIGNED CONDI

?TICF_SII)

FCHPAT [IFC, 59HPROCUCTS WHICP hERE INTFNTIC_ALLY OKITTcL FRC_

ICALCU_ATIU_S//)

CMIT=4C4_2163_P6_

I_(I)=6C6C07&/73C2

TL_(2)=6CC_C&e??BC2

TEM{3)=&C_C46713C2

TFS(4)=6CIIC26??_C2

FFI(I)=7_C1302C736C

F_I(3)=21C_7_2&lC3_

FKT(4)=O53A6C6C6C6C

KK=fi

ICF=C

ILE=C

IFI_E-LIel,6C,_]

61 WRITE CUIPLI TAPE 6,44

6C II=C

FC q I=I,N

If (_TITLE(I,I)-_C_IT) IC,IOC,IO

ICE ICP=IC_+I

IE_IT(ICM)=I

CC fC' g

iC _(? Ii J=l,I\

IFIAFOLIJ,II-.EI-e5)II,12,12

11CC_TINLE

ILF-ILE+I

ItESSIILE)=I

CC TC $

12 IFI_F-II51,SC,51

5C WRITE EUTPLT I^PE 6,1 ,TITLE(2_[),TITLEI3,1I,(AMOLIJJ_I),JJ=I,IN)

GC TC 5

51 II:ll+l

IF(II-KK)2. C,2C2,2CI

2CC K=K+I

GC T[! 5

2Gl K=I

KK=KK÷4

WRITE CUTPLT TAPE 6,44

4_ FCRYAT (IF )

5 FUI(ZI=IE_IK)

kKIT[ CI;IPLT t_PE 6,FMT,IITLEIP,I),TITLE(3,1),AMCL(I,I)

S EENTINLF

IF(IEE) 21,2Q,21

21 _RITE CUTPLT TAPE 6,44

WRITE CUTPLT T_PE 6,3

CALL eNCE (ItE,ILESSI

2C IF(IC_) 31,30,31

_i WRITE LUTPLT TAPE 6,44

WRITE CUTPLT T_PF _,4

C_LL CXCE (ICIM,IC_IT)

3C RFIURN

3082

3083

3084

3085

_086

3081

3088

3089

%090

3091

3092

3393

3094

3095

3096

3J97

3098

3!)99

3100

31C1

3102

3103

3104

3105

3106

3107

3108

3109

3110

3111

3112

3113

3116

3115

3116

3117

3118

3119

3120

3121

3122

3123

3124

3125

3126

3127

3128

3129

313C

3131

3132

3133

3134

3135

3136

3137

3138

3139

3140

3141

3142

3143

3144

3145

3146

3147

3148

3169

3150

3151

3152



SU_RCUTI_E CCRE_

_UTpUT 8EUIINF

CCMeCN C

EC(,IV_L£kC[ [ANS(1)v C[_2l)}, {AhS(45A), C(_74))

[CL[VALFNC_ IPERCFI C(155711t (E_biVt C(|55d)1

FCLIVaLENC[ (_EF, C(15561)

FQLIVALFkC[ (KC:[:I, Cl[55g))v IKASLv C{1560))

_LIVALE_CE (KENT, C11561)), [KFt Cl15621

[_UIVALCkC[ INC, C(1563)}, (N[, C(1564)

E_LIVALCNCE (NVEE, C(1565))

FELIV_LENCF (N{'FRCZj C([566))

ECUIV_LFKCE (KE, C(1?6311, (lit C{176611

[Cb[VALE_CF (V_t C[176511

ECUIVAL[\C[ (IFN, C(1766))_ {MAY, C([/_?})

ECUIVALENCE (NANAt C(1768))v (ME, L(I769))

ECLIVALFtCE (LCOP, C(177C)), (KT_P_t C(8045))

FIJLIV_LEKCE (RCXII), C{17711}, (6CX(15)p CII7R5)

FCLIVALFNCE (_SCF{I), C{17£6))t (BBF(15)t C(I£00)

FCUIVALE_C[ (£((i), C(22blll, (_C(15)p C(2275)

ECLIVALEKCE (IFRCP, C(231611, IIFIXT, C(23171

EEL{VALENCE (N, C(232911, Ilk, C12330)

ECLIVALENCE (I_4, C(R@46)]

[_UIVALE_CE (KK, C(P04_))t (KKK, C{_C4C))

FCL;[VALF_CE (TITLE(IT, C(8C55}), (TITLE(315), C(_89ll

[CLIVALF_C_ (FL_](1), C(I_C7)), {[L_[115), C{I_21))

CCUIVALE_CE (PAR(1), C(8370))v (P_R{2C_), C(_577))

FCt. IVALEKCF(A(1), C(857_)), (A(6_C), L(g2C7))

ECLIVALEkCE (A_QI.(1), C(£2b£)), {AMQL(1170), C{10437})

E(CLIVALFNCE (CER{I}, C(IC43_,)), (gEe(16g), C(10606))

6KL]VALENCE(NARE_,C(IOCC?()

ECbIVALE_CrISARFAII)_C(]C&CS)),(SARFA[[)),C(I?L2Q})

FCLIVALF_CE fPC,C(2_14)), (F4C,C(22_4))

FCUIV_LE_CF (KSAN,C(IO_?3)}

EI_FNS[O_ SARFA(]3)

EI_FNSICK TITLE(3,1_.5),PAR(13,IL),DER(13,13),

2 A(15,46),EtMt(15)

3,_NS(4541

C[_ENSICN PCX(lS),SCF(15),_{l_)

CI_FNSIf]K A_CLII?,OC)

?I_FNSION AS(]L(I3)

EXIT=2_8731636C_F

2 FC_AT (SFCC_SE K_.IS,FR.I,FT.3)

FCR_AT (ihr,64X,_h_T FRACTIFN FNTHALPY STAFF TF_P t;_SITYI

225X,16kCFE_ICAL fCR_ULA,24X,lOHISEE _CI<),4X,7_CALIMCL,IOX,

_FCEC K,AX 4HGICC}

4 FCR_AT (IHC _4X,48_T FRACIICN ENIhALPY STALE TF_P DENSITY/

2 25× 16_CI[_[CAL FC'RWULA,AGX,IOF{SFE NCTZ),gX,7HCAL/_CLt

3 8X 5hEFC K,_X,4HL/CC)

5 FERPAT(IF÷ 63X,F(;.5,FI2.B,4X,AI,FlC.2,FI]._)

l FCRWAT {II-C 3CX_6HO/F=FO._,Ibh, PFRC[NT FUEL=F_._,2_H, cCUIVALfiNCE

1RAIIC=FT.4 ICF, PEhSITY-FT.4)

I_C (_C I-I, 3

eC ASCI(I):[X[

IF(IPRC!'-2 55e,_'T_,!i51

C{: TC b52

552 Rr_l_Jg 3

KaF, F = NANA

KTAP£=C

_CC R[_t" T6P v _, (6N%II),I:],45A)

KIAP_=KT_PF÷I

_AL=ANS(2).IG.(O(ZC_

PALL=ANS(Ig)

IFIWF-IIPC2,prI,SC2

201 LFN=N_EC

CC [C 2C3

2C2 LEN=N_FRCZ

2C3 IF(IEN-I_)IC2,102,103

IC2 KECE=C

gE TC 1C:_

3153

5154

)155

3156

3157

3158

3159

3180

3151

3182

3183

316g

3165

5186

3167

3168

5169

5l fO

3111

5172

3173

317_

_175

3176

31t7

3178

3179

5IaO

31Sl

3182

3183

3£84

3185

3186

3[87

3[88

3189

3191

{[91

3192

3193

3196

3195

319_

_I}/

3198

3199

3200

3201

3202

320_

32O4

3205

32C6

32C7

_208

_209

321C

3211

3212

3213

3214

3215

_216

3211

3218

3219

322L'

$221

3222

3223

Are& FaLl<

APea ratio

APea ratio

Moles

Area rat!c_

55



1C_ KCNT=C

KCFF=t_

ICL 3=36

CC 1C4 I=LtN

FC 175 I1=1,3

KK -d+ I l

IC5 TIILEIII,I]:ANS(KKI

104 J=J+4

P+ +,iy : I

ICCr hqITF (UTPLT TAPF +,IB

1E FCR_AT (]F1)

CALL HEgE

ASSIGN 2CCC TC I_FKN

2r22 _SSICH 9C I{7 J._AIX

92 _ITE CUIPI. T TAPE 6,2,KASE,HALtCCF

CC TC JFAXp((_P)q])

SC IF IKP) ?LC, 9LC:, /tO

SCC IF(KShN}SCT,qCI,eC2

grl b, RIlf LUTPL I TAPE 6,3

CC 1C S T

SC_ I. RITf CUTPLT TAPE 5)733

?_J FCR_aT I1FC,64X,46F b'CLES

225X, 161-CPF_ ICAL FnRWUL_t 24X,|OH

35FI'CG K,4X,4HG/CC)

(3C TC $7

71¢ [F (KS_,) 112,711,712

71] _',RITF LtJIPLT TAP_ 6)4

GC IC $7

712 _R[TE CUTPL. T TAP{- 6pT44

144 FCRVAT (]I-c,q4x)46F HOLES ENTHALPY

2 25X,L61CFEVICAL FCRP_ULA) 44X, I01-

3 PX,DHCEG K,4X_4HG/CC }

97 IF(NF)2_I,?5_,35!

351 I?C lOO I=I,NF

II=l

WW=15

CALl SFEC

[ F ( K [_ } 4Q ). , ,_.'?(), 4n [

4CC

6 C l

1CO

35C

41C

411

ICl

382

2"?C

5C

51

b2

5]

5C

+el

_C2

6CC

P

6?

[NTHALPY STATE TFMP DENSITY/

)4X,7_CAL/_CL)ICX,

STAIE TEMP CENSITYI

,4X,THCALIMCLt

WRITE CL;TPLI TAPE 6,5,P(1)3_)tA(1)32))A(1)421)All)44))A{[)36)

CC FC ICe

_RITE CUTPLT TAPE 6)6)A(l,36))A(l,32))all)621,AIIt64))AII)36)

CCNTINLF

IFIN/])353,]52)353

R[: ICl t=I,NC

I1=1

_W=("

CALL SPEC

IF(KI:)411,_I9,4[!

kRIIE CUTPLT TaPE 6,5,_{I,33),A 1,31),_{I_41),AII,43I,AI[_35)

_C TC ICI

_RITE CUTPLT TAPF 6,6)A(l)33))A(1)31))A(I)gl})Allt4_))m{I)35)

CCNTINLF

CC_TINL[:

_,RITE CUTPLT TAPE 6)TtCDF)PERCF)EQUIV)bALL

CC T(! LE_N,I2CCn,2CCI)

IE(KCTI!L)51,SC)_I

IN=LEN

cC F( 56

IF(KENT) 52,52,53

I_=KCRE

KC_T=I

Gr T[' 56

IN=L_N -13

KCLa:C

CALL REAC

[F(IPRC_-_I6OC,6Oc)_n]

kRIEF CUIPLI TAPE 6_C2

FCRVAT |_/ICE_LILIHRIU_ IHERMODY_APIC PR_PERTILS)

CALL PERPhR

CC T[ 2C6

W+_ITE [UIPL. F TAPE 6)8

FCtlW_T (IIFCPAK_P_TFRS}

KK=IK-2

WRITE ClJlPt. l TAPF 6,61,1ASLL{I),I=I_ KK)

3224

3225

3226

322?

3228

3229

3230

3231

3232

3233

3234

3235

Area ra_n

Area ratio

3237

3238

-Holes

3243

3266

3265

3246

3247

3248

3269

3250

3251

3252

3253

3254

3255

3256

3257

3258

3259

3260

326[

3262

3263

3264

Area ratlo

Area ratio

3266

3267

3268

3269

3270

3271

3272

3273

3274

3275

3276

3277

3278

3279

3280

328I

3282

3283

32R4

56



61 FCF_P"AT (|PC_I_XrTHCh_F'PrR_4'(_DgTI'RCAT tlCl3Xr_,6)t_'XtA4)

GC T_ 65

64 Vd_ITF LUIPLT TAt'F 6t66,IASCL(1),I-L,IN)

66 Ff_IIAT (IPC,[SX,13(3>tA6))

65 C C". I-INL F

CALL P_I_PAR

IF(_E-L)_CL,2C!_,2C_

205 _,RIT_ (LITPLT TAPF _}g

g_, FCR_AF(|F )

WP. IT[ CUTPLT TA_'_: _,0

_} FCH_AT (I2F"EE,_IVATIVES)

IF(rAY-t) _C3,5C2t5C_

5C _. CALL PI_I F_

CC T(] _n4

5C_7 CALl PL_I;E'Y

5C4 CCNTIhUF

2C6 _R)IL CUTPLI It, PE E,c,g

_RII'E CUTPLT TAPE 6tlO

IC FCR_'AT 115FCI_CI F FRACTI[_NS/I)

CALL CLVl J

ASSIGN 3CCC TC LENN_,

PC? V.RITE CI;TPLT TAPF 6_16

I_ FCRVAT (IPC,3'?XtlGP)NPCT, 6-ATO_'S/6//)

IF(_:E-_)aC,_C,el

_C KK = i

KKK =NI-

LCCP=I

CC TC 82

_i KK=t

KKK=_

t( UP-2

_2 EC _5 J=I,LFCP

_aITL CUTPLT T._pE 6t[[pIELMTIIItI=KK_KRK)

II FCR_AT (II_IGX,A2t/X))

_aITf CUTPLT TAPE 6tlZt|P-gF {I),I=KK,KKK)

12 FCH_AT (51 _ FUEL,GX,FFIS.7)

_RITL CUTPLI IAPE 6t[3_(BCX )I)_I=KK,K_K)

12 FCRMAI (_F CXIITAI',I_3Xt_E15.7)

V,PlTE CUTPLT TApE 6_I_(Ii, C (I),I=I<K_K)

14 FCR_'AT (iii- PRCPFLL_NI_REIs.?}

IF (LCCP-I) 86,!_5,8/

_6 KK=9

KKK-N_

WRITE (UTPLI TAPE _15

I_ FLIP,AT| LFC)

_t Cr.N T IF, IF

AtS)GK ql lc ,ICAK

CC TC _2

GI IF {KS_N) 751,/5Ct751

15C _P. ITE CUTPLT TAPF 6,IIS

llq F(;R_AT (GFCNCTF.,ZX,71FVEIGPI F!_ACTICN CF FUEL IN I_TAL FUELS A_D

ICF CXIEANT IN TOTAL f]XIPAKIS)

751 CCKT)NL_

6C TC LENNN_(3CcCt3CCI)

3CC _ IF (RE{ E)gC,'g5,q_.

96 _Ay:b'AY_ I

GC IC ICCC

_5 IF ( IPRCH-2 ) 70C_ ?CC_ ?Cl

TIC Ir (NARLA)TE2,TCI_?C?

?C2 IF(LFN-4)7CI_TC _,?C_

?C_ C_LL S_NFC

IF(IPRCF-217CCC,TC,31,TCOL

?C61 If (_F- I)7CC _, 7c62, ?CC_

7CC2 _LTE CUTpLT TApF 6,7CC5

1CO5 FCRVAT ( 25X_PCI_TIIECRFIICAL RCCKF! FERFCRVAkCF ASgLJPING F_.UILIB

2RILP CCPPC_IIIF'¢ I'LRING EXPANSICh,/4GX,2_HFRPV AN ASSIGNFP IE_'PERAT

3URE!

445X_24FFCR ASSIGN_P ARIA RATI(_S)

GC TC 5",50

7CC "_. _IRITE CIJTPLT TAPE &,lOIN

Ire,( FCRWAT ( 25X,75PTbECRETICAL RC'CKET PERFCRMA;',C8 ASSUMING FRC_FN

?CCIvPCS[TIC_ EUXINE. f:XPA_;SICNIg_X,2_HFRC_ AN _SSIC'_EP TLVPERAIURF/

345X_24PFCR ASSI:I;NFE ARIA RAllieS)

6C TC 505C

7rCC IFI_E-I)?O,/I,? '_

7C I_RIT[ CUTPLT TAPE _.,4CCC'

3286

3_H?

3289

_?gO

3?gl

J2_aZ

_29_

32u4

32')'5,

3291

32v)8

32_9

3_51

3L2

3 VI

3_,g

.?_PC a PaiiO

5_85

3 :_36

3361

33C8

3309

Silo

331i

3_12

3_13

3_14

3_,lb

3_,16

3317

3_i8

3319

3 _,2L

3321

3322

3323

3324

3325

332_-,

_, 32 ]'

126

3329

33_g

3331

Nol_s

Moles

APoa ratio

Area P_tlo

Area rat'. >

57



4"CC FC_AI I ii- I , PSX.75HTHECRETICAL RCCKET PERFCRNAhCF ASSUMING FRDLEN

2CC_P@SITIC!_ IIIiRING FXP_NS[L_,/

345X.24FFDR ASSIC_,FD ARFA R/_TIOSI

CC TC be5C

71 BRIT[ LLTPLI TAP[ 6,50C9

_,CCC FCI, f"AT (l_],25XFPC'PTHECRETIC_L RCC__I PERFCR_ANCE ASSU_'ING E_,UILIB

_,4b',,Z4_FCR ASSIGhED AREA RAII(]S)

hr'_C CE_'_T I NL:

ASSIGN 2CCI IE LEAN

(:D TC 2CP2

2_1 CALl EXITT

_S%IC\, E _"Cl TC LENNN

(;C TC 2/:1

_'_I Cr ',.T ISLL

?Pl IF IIxANA- I ) 2DR, 2_C.2C_

?Pf F,_hA=C

2C_ C(NT I_;LE

i,! IkJR%

3339

_340

3341

3362

3343

3344

Az_ea rat_)

SCHt<EUT INE Y!EAL

(

L [LFPUTS PRCPER FFAC[NC ACCLRDING TC PREHLEM NUt'BER

U

C

C[ r_Ml N C

FBUIVALENCE (IPrCi_, C(23L5)), (_i., C(116gi)

1. ,: FC _,P'AT ( 25xvUCBIHECRETICAL I<CCKE! PERIFCK_"_NCE ASSUWING C_,UItIB

;i_lLr,' Ct_PBSITIFN DURINC FXP_NSICN)

>C,: ;t,_.'_T ( 25X,TBPTHECRFTIC_L R{CY, fT PE_FCRP_NCE ASSUt_ING FRC/EN

2CCVOtSITICK [:UI_ING EXP._NSICNI

_r'_ IEK_'AI I 25XIPC, tiIHE[I_!IICAL _CCKEI PERFCRNANCE ASSU_"ING I'I.UILIB

2i._IU N' C['vPt!SIII[:P,: IURINC EXPANSIC:N/44X,2gHFI_C_' _N ASSIGNEE I[_"PERAI

3UI_ r )

flr'C FCRYAT ( 25×t/Sf-THFCRLTICAL RCCK[I FERFERP_,%CE ASSURING fRCZEN

fCFf'PfqITlf-_ E,C_ING FXPANS[CNIggX,2_HFRC; v Ah ¢_SSICNED TEMPFRATUREI

'i_ ¢ FI'b!w_T ( 2b×,74PTHECREIICAL rFERwCDYNAMI(. Pt*i]PERIIES AT ASSIGNE

2[ Pu'FSSU:_,ff ,_N{: TFI"PFRAIURE3)

rCC FCRW_T ( 25X,?AfiTHFffREIICAL Tf, ER_CD_KAMIC P_L'PERTIE5 AT ASSICNE

d[" ITF'PLRAILRE ANIT PRFSSURF_I

II (IPR( V-2)I,2,1C

1! II (lPkFP-4} _,4,5

')'.'- rck'w'ail/gX, gTf-THFCDFTICAL THFRVCI:'YNAMIC CEWEUSI'ICK PRCPFRTILS)

kF TURN

1 IFIW_-[II2,1I,I2

11 _IlF IGTPL. T IAPT E,IOC

_,'L 1 UI<N

12 _,_ITE LtTPLT T_PF _,2OC

Z tF(YE-I)14,I3,I4

].2 _Rllf tUIPLT TAPF 6,3CC

REIUR'_
14 _I.'[TE CUTPLT TAPE 6160C

RFIUa5

7 bRIT{ [IJTPLT TAP r &,5PC

I_EItJRN

4 wRiT r ttJXPtT 1APL 6,60C

RI- TI,RN

(.

k

L

3345

3346

3347

3 _4_

3349

3350

3351

3352

3_53

33_4

3 "lb _)

3556

3351

3 _58

3359

3360

3361

J 36 Z

3363

3364

_367

3 _8

3 _,6g

_70

33?'1

3 _72

3_73

3314

3_,15

3_76

337/

3378

3J_0

33_I

33_2

3393

58



1

2

4

5

7

iC

Ii

12

SUPRCLIIkF PERT r,_

CuIPbTS PFPFCRIVAt',CE EFRIVAIIVFS

CCFPCN C

[_I. IVALFNCF (IN, CIRC4_))

¢£[.IVALFNC[ (PFR(I), C(IC43_]I,

FCR_I [15FC(CLI/_LPC)PC/PI3F9.5)

FC_'_T [ISF (PLIIELPC)PCIP[3F9.5)

FCR_aT II6F (r;IAI_IBLPCIPCIPFS.5,12F9.5)

FCN_T II6F (ELCS/DLPCIPC/PF@.5,12£9.5)

FCRIJAT (]5_C{RI[/#hC|PC/Pm[3F9.5)

FCRMA[ (15F (DLI/FPCIPC/P,t3F9.S)

FCRV_T (16_ (CLA_/BPClPC/P*F8.5,12F9.5)

FERreT (l_h (CLCSIDhC)PC/PlFS.5,|2Fg.5|

FCRP_T (1_ *[FC IN KC_L/G))

FCR_A] (]_FOIRLI/[_LPCPIS,2XpI3Fg.5}

FCR_T (13h (PLTIDLPCP}S,2X,1]Fg.51

Fc#w_f (15F {I_[AR/rLPCP)S 13F9.5)

WRITE CUIPtT TApF 6,1,{P£4(I,2),I=1 INI

WRITE CUTPL[ [APf 6,2,lPER(I,I|,I=I INI

WRITE CuIpLT T_P[ 6,3 (PER(I,3),I:I IN)

WRIT[ [UTPLT TAPF L,4 [PLR(I,5),I:[ IN}

NRITF LUTPLT TAPF 6,5 (P[R(I,7|,I=l INI

_R[[[ C(JTPLT T3pl 6)6 (PER(I,6),I=[ IN}

WRITE CUTPLT TAP[ et7 (PE£(I,_)II =1 IN|

W_ITE CUTPLT TAP[ _t8 (PER(I,lC),[= _I_l

WRITE [IJTPLI TAPF C,g

WRIT_ CUTPLT TAPF C,IC,{P[R(I,I2),I=I,IN|

WRITE CUTPLT T_P! C,II,{PER(I,1I),I=I,IN}

WRITE CUTPLT TApr 6,12,[PER(I,IB),I=I,IN|

REIIJRN

{PER(I6g), C(1C6C6))

3384

33F5

_86

_3g?

3;a8

3389

_196

_392

3393

3394

3395

3396

]397

3398

3399

_4C0

34CI

_40_

9403

3404

_4_5

_4C6

34C7

_4OB

_489

_4t0

3411

3412

3413

3414

3415

]416

34I?

]418

34[9

3420

1

2

3

4

5

l

8

c,

[C

I1

12

£LPRCUTIhE P[REFY

CUTPDT __ PE_FCRWA_CE UERIVAIIVFS

CCNW£N C

ECLIVALFhCE (Ik, C|PC4L))

FCUIVALENCE (PFR(I), ((1C43_}1, {PER(

CIPVNSIO\ PFR(13,1_)

rcruat I5FC(Cll/[_LPC)PC/P,gX,I2F£.5)

rC,4P_T i5k (BLT/_LPC)PC/P13F9.5)

FCaW_T I6F (_t_R/_LPC)PC/I',SX, 2F£.5)

F[RWhT ITF {£LCS/ELPCIPC/P,BX,I2F$.5|

FfTR!_T 15FC(DLItDFC)PC/O*,gX,I2F£.5)

FF_P_T ISF (CLI/FHC)PCIP*I3F9,5)

FFRMaT I6F {ELal/OFC)PC/P._BX, 2F_.5)

FC_V_T t_ (CECS/OFC)PC/P'_RX, 2F£.5}

rF#_T I_F *(PC IN KCAL/GI)

FCH_T I3FC(_LI/CLPCPIS,IIX_I2F_.5)

FCI!_T I3F (CLT/_LPCP)S,2X,I3F_.5)

FC_T 15k [ELA":/FLPCP)S,gXtI2Fg.5

WRIIF LUIPLT T_Pr 6,1,{PERII,2) I=2 IN

WRITE CUTPLT TAP{ 6,2,(PERIl,l} I=l IN

hRlTF CUTPLT TDPF 6,3,(PERil,3) I=2 IN

WRITE CUTPLT T_PF _,4,(PERII,5) I=2 IN

WRITE [UTPLI IAPF 6,5,(PERII,T) I=2 1N

WRITE CUTPLT f_Pr 6,6,(PERII,6) I=i IN

WRITE CUTPLT T_PF 6,7,{PER(I,R) I=2 IN

WRITE EUTPLT T_P[ 6,8,(PERII,IC ,I=2,Ih)

WRITE CUTpIT l_pr 6,9

_RIIE EUTPtI I_P[ 6,10,{PERII,12),I=P,IN)

WRIIF CU[PLT T_PF &,ll_(PERI[,I1)_I=I_IN)

ERIT[ EUTPLT T_PF C_12,(PERII_I3),I=2_IN)

REIURN

69), C(1C606))

342L

3422

3423

3424

3425

3426

3427

3428

3429

3430

3431

3432

3433

3434

3435

3436

3437

3438

3439

3440

3441

3442

3443

3444

3445

3446

3447

3448

3449

3450

345[

3452

3453

3454

3455

3456

3457

59



SUHRCL, TINF RFAf

SCRTS _P_I IS CN TpPE 3

C C r" _v C h C

i-_L I VAL_ 6,CE (ANS(I.I, Ctg?l.)), (a_.S[_541, C(_1741)

ECUIVALCXCF ILFNt C(1766}1, (t'.'Ay, CIITcTI)

_LLIVALF_.CF (LCCIP_ CI177C11, IKTAP'L, C('30451I

EiLI'V*&LE",C_ IIN, Cl8C46)}

[-CL IV/_LENCE I_,N, C1232911

E_UIVALEr'.CE (PARI1), C[fl37C)1, IP-_R(2C_),. CIH51'III

ECbIVALENC r (M"AL(11, Cl92681), I_CLIIITC), L110437))

FCLIVALENCE (IFR{1), C([C43_)), IiERII69), C(1C6C6)1

E I FCNS l[]_, PAR( 13_ 16) ,F. EIR { l _, 1 _) , ANS(454)

FIPf-NSIRN _WCL(13tgC)

[( l I=lfIK

['(', 2 J:1,,1_-

2 P,_R ( I :,J)=AhSI J)

E{ 3 3=2C_Z2

SFF4(I _ix)=AF, g(Jl

h=h+l

N= i

.l = 3 '{

C[ 4 JJ=IINE

AFCL ( I ,N ) =A_S lJ 1

J=J÷4

4 h=N+l

IF (KIAPE-L EN ) ICC, l, ICO

ICC R[¢,E TAPE Z,(hI',SIK),K=I,4541

KTAPE=KT_PE+I

I Cf;hT I%LF

R£ 1 URN

_458

3459

3460

3461

3462

3463

3464

3469

3466

346?

3468

346g

3470

3471

3472

34?3

3414

3475

3476

3417

3478

3479

3480

_4_1

3482

3483

3484

3485

3486

3487

3488

3489

_490

3491

34_Z

3493

3494

1C

12

13

14

15

16

17

2C

21

22

23

24

25

1

111

S//Hi, EL I 1 _,F DCRPAR

CL1PLTb PF:MICV, f_AINCF PARAPETERS

CC_vC': C

ECI, IVALFNCE (KCIF_ C(176_))

ECL, IVALEXC[ (I_, CIPO46})_ (_Ay, C(176711

I:CLI_AL{-_C[ (PAR{I)_ C1o37C|), {PAR(20E)_ C(85/7)1

FIF_kSIFN PAR(13_I6)_NK(131

FFRVAT 51" PCtP,ICx)

FCR_AT _k p, _I_ ,7X)

FCR_'AT qk T, CFC K,6X_I31q)

FOR!VAT qH P, CALIG,6X_I3Fs. I)

FC_V_I 151 S, CAL/(C)IK) }3F9,41

FC_u_T 1CFi.:V_ _CL WT,SX,13Fq.31

FC_AI 11_ [PLVlI3LP)T_4X_I3F9.51

FC_V_I lIE (DL_/EEI)P_4X_[3F9.g)

FC_AT 15F CP_ CAL/IG)(KII3F9._)

FCR_T 6F GAM_A,gX,I3F9.4]

F[:kWAT 12k _ACH NL_RER,3X,I3F9.3)

FCRYAT 15FCCSIa_, FIISFC 13191

FCq_Al 3F CF,12X_I3F9.3|

FCR_AT 6b AEIAI,9X,I3Fg.31

FCRMAT [5_ IVAC,LH-SEC/LB}_Fg.I)

FCR_T 15_ I, L_-SFCIL_ 13F9.1}

hRITE CUIPLI |AP_ 8,ilI

FCRN_T I_FCP, _T_ ,?X)

CC rc 3

kRl|k CbTPLT T3PF C,lO

CALL Vai_(l,2)

WRITE CUTPLT T_PF 1,11

_495

]496

3491

3498

3499

35C0

3501

_502

3503

35C4

35C5

3506

3507

3508

3_09

3510

3511

3512

3513

3514

351b

35L6

3517

3518

3519

3520

3521

3522

3523

3524

3525

3426

3527

Area ratio

6O



3 CALL VAq(2)2)

UC 6C I=I)IN

6C NN(1)=PAR(1)3)+.5

_RITF CUTPLT T_P[ L,I?,INNfl),I=I,IN)

WRITF QUTPLT TAPE 6)|3,(PAKII)4))I=I)IN)

WRITF CUIPLT TAPF 6,14)(PAr(I,5))I=ItIK)

hl¢lTk CUTPLT TAPK k,15,1P_R(I,6))I=I,IK)

IF(KCFE)6,_)6

( _RITE LUIPLT TAPE 6,I6,(RAR(1)P),I:[,IK)

_RITE CUTPLT T_PF &,IT,IP_R(I,g],I=I,I_)

5 _RIT_ CUIPLT TAPC {_t[St[PAK{I,?I,I=[)IN)

WRITE CUTPLT TAP_ C,19,(PAR(I,12),I=I,IN)

IF(KCE_-I)41,4C,4I

4C REIL_N

41 WRITF CUTPLT TAPE _)20,(PANII,I2),I=I,IN)

PC LI ]=l,lh_

61 NNII)=PAR(I,15)+.5

IF (MAY-I) 5[,50,5[

5C WRIT_ CUIPLT IAP[ 8,31,{NN(I),I=2,t:_)

_RII[ CUTPLT TAPF &,32)[PAR{I,I6),I=2,IN)

_RITF CUTPLT TAPF 6,3_

CALL VAR(II)2)

_RIT[ CUIPLT TAP_ 6334t(PARII)I4)tI=2,1N)

_)_ITF CUTPLT IAP_ _)35,(PAR(I,13),I=2)IN)

31 FCRWAT (15FCCSTAR, FT/S_C )gx)I?I_)

32 FCRI'_T (IF CF,21X,I2F9.3)

3_ FCHPAT (6_ AEIAT,IaX,12F_.3)

34 FCRWAT (ISF IVAC,L(_-SECILD,qx,I2F_.[)

3_ FCR_AT ([SF I, £8-sEC/L_ ,qX,12Fq. I)

RETURN

51 WRITE CUTPLT TAPE _,21,(NN(1),[=I,IN)

WRITE [UIPLT l_P_ _,?2,(PAR(I,I_I,I=I,IN)

WRITE [tlPtI T_PE _,23

CALL VARIII)2)

_RIT[ CLTPLI TAPE 6,24,(PAR(1,1:))I=I,IN)

WRITE CLTFLT T_PE 1,25,IPARII,I3),I:I)IN)

REILR_

3528 Area ratio

3529

3530

3531

3532

3533

3_34

3535

3536

_537

3538

3539

3540

3541

3542

3543

3544

3545

3546

3547

3548

3549 Area ratlo

3550

3551

3552

3553

3554

3555

3556

3557

3558

3559

35_0

3561A_ea ratlo

3562

3563

3564

3565

3566

3567

SLFRELIINE VARII_£FX,KI)

SPECIAL FCGN_T FCR EC/P,P, _KC aE/AT

ICC

lnl

1

CCFMCK C

ECLIVALFNC_ (IN, C(EC46)), (MAY, C(17671I

_CLIVaLENCE IPAR(1), C(_37C))) (PAR(20_), C{8577))

tI_FNSIC_ FWTI2),P_RII3,I6)tT_W(_),^MI_),TEWM{13)

ZCRC=[133CC_46C6C

T_C=1133C2346C60

T6_=[133C3746_6_

FR=[1330434606C

T[_Y(I)=60C104_77326

TCMY(21=60C2C367732_

TcPuI3)=6CC302677326

TE_(4)=6CC4C1677376

T_M(5)=&OCSOO6773Pt

T[_(6)=6CC511_77326

T[_(73=6CC61C677_P£

1F_(8)=6CC7C7677326

lENWIg)=6Clg06677326

TEMw(IC)=6CllC5677326

T[M_(II)=ClOCf_4677_2_

1_M_(123=CI01R3677326

T[FMl13)=_1C2_2677326

F_TII)=I4CI3CZC73_C

IF(KI-2)ICI,I?C,ICI

lr(I_EX-KI)[,?,3

IFIINFEX-KI}_,I,2

TEF(1)=I.C[_4

T_N(2I=I._5

TE_(3):I.CEC6

3568 Area ratCo

3569

3570

3571

3572

3573

35T4

3575

3576

3577

3578

3579

3580

3581

_582

3583

35_4

3585

3586

35_7

_588

3589

/596

_591

1592

3593

3594

3595

Area ratio

Area ratio

Area ratio

3597

3598

3599

81



A_I2)=IWU

AI, I ] )=C',J[

^._ {_,) =ZFRC'

Gf IC z,

2 TL>{I)-I.C

IC_,C2)-IR.t

I_F(3)=ICC.:

At'(PI=IPR

A_'( If= [;_I

A'.' ( e. ) =( NF

C C f f 4

_. I_'.{I)=IC. _

tEP, {2)=ICPo'

lea-( t):ICCC.G

AF(1):IHR

A_ ( ? I = h.,'(]

,_" (4) = ZkRg

4 RE 3 l=i)l_

IF (I-I) _,_,5C,53

5C IF (_AY-I) 53,52,53

52 IF(INEEX-II) 53,5,53

$2 C('N r 1 NL_:

Ff'l {2)=TF_e{ I )

I'( '7 d=l_,3

IF (PAR ( I ,,I N[IEX)-IF_ (J)) IC_ 6 t6

IC FVI(3)=AP(J}

C-F: TC ._

( C[ NTI'CL"

FPI(3):AW(4)

hRITE CUTPLT TAPF 6,FMI,P/_I;(I,IN['EX)

L CCL T IF4LL:

R F [ t;R.r'_

3_vU

_ C,,31

3602

3603

3604

3_05

]606

9*qg?

3610

3011

_,612

_,13

361¢_

36[5

3616

3617

3618

361'4

3621

_622

_623

3626

_.525

3626

_6Z 1

J{_28

3,_31

5,',32

3(,33

_b3q

303:)

62



_t,FqLUI It_F %AhFfl

(t)_F( low _ t,kF_ _'_llC ItTERPF]LAIIC_ ONLY)

CfhVcN C

F<b IVAL6 F,CF ( SAY F_A( i ) ,C ( ] C6L. 8 ) ), { SAREA [ 1 }) ,C [ 15670 ) )

FLU IVAI FNCE (NA_) _ A, C ( IC'(G I) )

F<UIVALIkCF (PFR(I), CIIIZ43R)), (9FR(J. 6q), C(I0606))

F<LIVALF%C_ (P/_k(1), (Ida/C)), (P_R(2CB)t C(_iS/l))

FCUIVAL)<CF (PCrC(2214))m (HC,6(228_))

ECtJIVAL Ft_C_ (hF!C, 611565))

Ft. bIVAL_KCF (LTN,( (]7_))t (FFIC(ITbg))

E<UIVAL_hCE (IN,((!_q46))

E (_E IVALFI<CF ( IbF',i EF_,C ( I _6?I) ]

Ek LJIVALF hCF Ill Vr4,C117622))

I It'rr'hlF :\ PCPI2b)

F I_-: hSIPt, p_.l l _, l&) ,P[P,( 13,13),SARPA( I :_) , TLF( ] 3, [C) , SVCC[2)

FIt._LSII:N _LS(_)

[ 1!_ _\g I! _< $' !_(I _

L, _ r,-L_ X

!,U_C :l'

i'_C _4 i.-

[Tt :i? I=],LFN

IF (PCvII)-PLP(?} p_, r_, sg

85 r,;LILlj-hUNX + l

C{ T{ _?

BJ NI \-XI'F*I

_:7 r+(: ', I I _n,!

K( K_-KI F -_

eL C_ T [_':L'

<Gt L-I

I'C l I-I,NA:_

IF {l-IL,i',,l;!,_) 1_C,1._?,,7,_1

IC IF( '_L;h-I )?T I, ?' ]. , '?,-

2_I L-L-I

'CC IC 1

?CC I_C ?2 J=4_K_KK

If { 5_d! A ( [ )-P_It4 (.J_ I } ) ) 22,_4,¢4

g4 I_i: J-I

CF [L L

? C( ',,1 Ir!L _

l_,t -KCK_-I

Gl IC L

1£1 IF I',t NN-1 ) 2::1, ?_ i ,2C2

2C7 [I) _ J=KCK,LF\

IF ( SAI_L A( i )-PAI_(J, i] } } 4,_,?

z, I_U=j-I

t,C F_ c

2 Cf +] I'lL!

If (Pi_l_ A[ I }-PgtA(l FN,1I )._._ )CJl*qC_QP

91 INI :LE?x-I

e If {"!.-1)60,6t,6.

(C 4- IFJ(,

IF <_ d:l,;

+)ri_ ( K I l? I = ).• gP I?&_P_ (h', ',) ] {2'• C *P_I_ (K , 6 ). { bC* } • gR?26-PAR ( K ,4 ) ) )

PLt_(K_I)=-}.r_PI2f_/IP,'_I (K, /).P,IR{K,6))

PE_ (K, I _)= } ..]'/P^I_ (K , 10 )-P[H (K, 12)

,6>4 K=K+I

IEV(L,IO)=PAR(},C)

6_- SP JC{ I)=I. C/PFq ( Ird', ID)

_PFC(2)=I. CIPF_ I INC+I, I _)

CALl S_T (P_,(l'\l), i ] ,SP!CtPA_ ( INU, I I) ,bAi(LA (I) , TF_(L,5) )

CALl. Sf l ( P_ <( I_':O, )) ,PFW I [NI:, II ) ,P_l_( INb* II , IE_(L,D) ,IE_ (L, ())

IF IV: -I) fC,71, l?

71 SPt C( l ) :-P_14 ( [ M:, :I) +PAi:{ IN[ ,g) .PER ( INfl, ] ] )

SP! C ( :> ):-p_( IM;+ I , :_}+i al< ( l'Jl_+ l ,q) .PER ( IN[_+ I , I I )

CALf SEI (P/_R[ Ir<D,_:) ,SP[ C,P _(IN[), I ) , [_{L _b) , TL M(L, }_) )

7C K= IN(?

!C 2C d:l,2

5OCO

5;_1

bD'C2

5";uJ

500e

5, b5

5 _ r 6

b]9l

5008

b'):,9

5][0

5012

5,13

5;).q

9-,15

5"_lb

b 'it

5;L8

5 >19

_G20

5322

b 23

5024

522b

5026

5528

572 ']

bO _0

5 31

5032

5:33

5C3g

a,:35

b!]36

t_ • B l

h_;)8

5 r _ 9

5C_0

5747

5,43

5044

%:45

5,46

:_ 4 l

pC4B

SflbO

b 5[

5052

5P53

5P5_

5 _55

bb56

b_b7

b _}5R

)('59

DC60

5r, 62

5 ]63

5C6'*

b "6'>

b,]66

[;,]67

5_,68

b 69

5370

b ,572

5,75

') " 74

h ft>
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,'_(J_4, () (I.:-PA,_IKpIP))IPAO. IK,I,_)*AIJ*?,71

_(J,[) i.

"_ ( J {'q ) :C . r

t(J,2) ..It 91 {P't <(l.,, t) )

t(J÷2,_):t.

A(J+L,,, ) r.

t'L( J, r ) --*. ( J, 2 ) " _ ( K-- t )

/_ ( J+? , r, ) - & (.Jl ") ) N a (F-2 } *F L !.'A I f ( 14- I }

:_ ( O ÷ g, P ] - A ( J+ ? t._ )/A (J T 2 ) *FI_IJ/_.TF ( b-_ )

C&L[ b_;:I S(L,e,A'._S)

SV: C-t t (;FI ! _(I ,:_) )

i !: _1 J:_t/c

2_ I LF (t, _ }=t ! _' (L ,?)+&NS(j] *5erC*_.{ J- [)

1 [ ' ([ i I -- l • ' '72h"HC-lCCC.C*T[i _ {[ , 2 )/29q. )_:_t;"

If ( f _ (t ,;" ) )'_¢, _ ,'_

?_ I' " ([ ,< }=5( Pit (I* _(L,21]

lr It-2}2D,Tq,,>4

2"+ iF{li:P({ ,2)-fr_.(t-l,?)l*lc,2u,25

25 ]_I'(L,iI-['r'{L,?}÷P/_RI2,lS),ISA4f/'_(| /[32.174.1 _!(L,bl)

I_b{L,]I:Pk_(2,151

1!_ It ,**):l! P(I ,21*32.1741I[P[L, _)

I!;'(L_) PCIfi _'(L,5)

[{ _II ,51-P,_ {{?,hi

If pt { L l=5k '( A[ i )

1. L-I+I

r;,. t=L-I

I_-L

I[ _C l=l,l _

Pk'_{[, t) _!b'PlI)

I {" $0 g-?, I I

3r PA,<(I,J) fl_ll,J-ll

'_L_a *[]UTI",F S[T[Ii,NF,T_t-;,THR_ _,ARq,PAL)

(thf[ FqR /_!_£A !,'AIII? tI_IEI<P{ILAIICN [!NLY)

ST [% tJv _LL 4 l'¥ 5 t, ATRICES

F I I, , _C_ I!:P.4 a I6, 7),'_NSI6),CN7 [2) , fkC{21 , 1HR7{ {2)

I I ' J:l,?

A(J,= )_=k( UF (IN" (JI }

_(J+2,'.):re, ]{ J)

A( J, ;_') =t F'CF ( IHkff (J) )

r:{" I I=1,2

_(I,})-l.<

^( L+2, I)=¢,.C

,_l l+?,,'):l.r

Rc I J-2,3

A(I,J+i)-_(I,P)*_J

Z_( 1 ;2, J+ i )=_,( 1 , 2)** I J-I }'_Ft( h [I _ (J)

I C Cr'., f 1 ",IL _

C/_LL _'L ALS ( ,'_, g, A_, 5)

FAt =_N5{ | )

St h'-LCCF I /_; I

[C 1C J=t,]

lC t_^l :t A L + S b," * * <.1. I l_ N g ( a'i. 1 I )

PAL -_ Xgr ( P_L )

5111

Jr18

b119

glZU

3121

b122

<,123

b124

5126

', L27

t_ 121_

5129

S L ,_ 1

h[32

:>L3_

5134

'>1 _5

b136

_137

'_138

51J9

b140

5141

5142

Sl4J

5144

b145

84



tL. FM lJT[\! t_qAI %(_,h.,AN(,}

{LbFi i-f:t-! _Rr'A _I[C I',IFRPr'LAII( ', tiNLY)

<'>(IV!S FI-:R 1+'41FI::PUtAT1EN Ct;_'TFFI(:IF\IS

{: I t-': _51 (rL t[l,7),At%{(,)

[{ l I-I,,N

II I( l:l, n.

f ! _ J - I , N

t_(I,J+l) ,_([,J41)/_(I,I)

I f ( I - N ) g , Z Z , ';

q F.[U_ [ I _,'k r

K-I*I

{( { I [:K,I_

[!: i JJ=I,l',

+: t,( ; I, JJ+ll--ex{ I I , I ).A( l,dd+ i)+,'_( I ] ,dJ* I)

I t ,<,,[,,TI'JL _

II (':-I }_I, _-,%1

!C P_ It'F<N

! ! J r_ - 1

II-J

r( l/ I t,Iz
K=Ji. ]

iF I2 F=I,[

Ar'_b ( J I AbS(K)*a(JiK)+ANS(J)

12 K--5+]

.LEt, [ J ) =A( J,ff )-kHS( J I

Ii ,J J-I

] >r [ Lb,':

blg6

bt41

[_14d

b]4')

bl)J

Lib/

',15.$

blbg

:+ [ 5"..

515t>

5 It, /

", I '>b

b i t, 1

', !o2

BL,h_

+,16b

h 1 h !+

b I I+ 9

',lTL

t 72

_t/3

bl lg

bl rb

i; 177

bl 7_

bl 19

5!.80

SL: _<(t IIXf: FXITI

[{:_ll; F_'K '_*<EA itATIC IhIERPFLATIfN UNLYI

{:tJIPUI_ [AfA Ff'4 AbSICNrD AREA RAIICS

C{'F _'CN t

7Lt, IVALFNCE (I_:, C(,_g4£)), (mAy, C(llt/i)

F,;t, IVALF_,CF (PA'.>(I). C(_JT-])), lP_t(208l, C(85//II

[!'UIVALFNC{ (IfX,C(]/6()), (f"I.C, l1769))

ri,+ 5kir. h CA:4 ( I $. l 6 ) ,,',ih( i _ }

_.'Ay P'IJbI q I IIA[

it,rt,sl e_:_',L +,a_,F^
_C _-lttTb Lt'lPLT Tg,'E 6,23

2J [fP_v_'f ((PC_F/_T.qXil 3Fq.3)

{:P,t [ Vlh I ( 1 i_ )

',,.;_llL LUTPLT I'_Pf C,24,(V'A,_(I.2),I-Iilk)

24 l('l<_'_T (lbb IV_C,Li'-<.;ECILBL3Fq. I)

'<,<IT! LUTULT I_P_ +,25,(P/_k(I,_),I=l.lh)

2L Ffi,,"_I Ilbt- I, iP-bFC/li 17F9.1)

rr !_t £-t,lr_

('i r F,( I }:V:'+R( 1,4)t._

'I ',,PlfF [UTI"LI TAPr _,:,'lt(NN(I),[-1,17)

21 _l:<VAl (lbk CbTAR, _T/SF(. l_lJ)

_,->lf[ LlllPt [ T:_P{ ,_,22,11'2, K(1,_),1:l,I ,', )

22 FIK._AIr (Jf_ CF,]:'X,13FO.a,)

: hi<If,' ttlPLI TAOF £,10

lC F( l_',Al (bI-CPC/P,IC_-)

O '_l l. VA_ (6,()

t_.ITL LMsTPLI [41)[ t,ll

[l F{ ,:PAI (!{H P, hrF i 1K)

(ALl 7A":( /,t )

I[ _r i-],IN

( Fhll)-k twrt(l.d)+. _,

•_ITI tiJfOLT TAPF O, l?, (N_,( l ] , l- l, [!,)

L_ifi (tJlOLl tA?r ( , l _,, (P'_K { I ,r;) , 1-1, Ih)

l ! I(:CP D,f ('iF Hi ( _l/(.,;)X,! _fb.[)

%:<lTf L:t:THLT law{ u,ln,(l'A>,ll,l ),I-I,1.)

[g _;,LV;_T {lbb %, L/_I/(G)(I<,I 131 t.4)

,,_ Ill I,fPtI f?,Pi [:,lt:,,(_'AKI[,ll),I=I,i .)

1' ;r;'_,tI {let- W, WCl _,T,SX,13F(;._,)

b.} I1,,<

5t,_t

b 152

318{

5 [,q'*

5185

5Lg6

b 18(

')I88

bt_9

big0

5191

b t '92

bIO_,

t;1 £,_

91gb

t,l;6

51',1

b 1 (4 t-,

519'7

,26b

520[

'_2u2

'z,?C 3

',2C5

5206

b205

52L9

b21[

".2L2

::2 i _,

',214.

bZlb

,?[O

b,I 7

b2t5

b _ l (4

5220

'221

b222

b225

h 2.5
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Af_d_NDZX t3

.... ,J,_PTmT 3C;R]<AD (A,B) AND BCDUHR (A,B)

)000(, ENIRY bL. KfiAfi

RA'_SF L4 VECI!IR

",A_Y Ct_!; :J!. oCI4LAFi_)I

t ,_ 0 , 254626266060

_..:1 J b,r,_l?sbLSi6O

FNFF

WKERR

.o)02 £ 0UobO d '3U0!'U PZL

(.!)_,£:L O 00000 0 00000. PIE

":;i 04 O 0000,3 0 0000i PZE

!J ;'_" , 222351252124, BCI I,BCREAD

L,, (,6 -Ou {4 o0 1 00002 bCREAL) SXD --4,1

.O':Ol -06{4 O0 2 00003 SXO *-4,2

..... ' I, -,'o{4 uO 4 OOCOZ* SXD *-4,4

ObL II 0b00 O0 4 00002 CLA 2,4

:,12 r,,'-'2 vO 4 !)000l SUP 1,4

b£; l _ t',4@O O0 0 00045 ADD ONE

0,:. l_ 9167 O0 0 00022 ALS t8

(,O(,Iu 060.2 00 0 00_51 SLW I02

I lo ObnO O0 4 :iOr)Ol CLA 1,4,

_0' 11 -'J _.20 O0 0 00044 ANA MASKA

0h(2 , -!-'b, 01 O0 0 O00bt ORA I02

OC, 2t -0_,4, O0 4 00045 LXD ONE)4,

.,,22 0f62 00 0 0[222 READ RIgA 2

L,O"2t -0?_,4 00 I O000D PUX 0)I

IC'At4Y CA_<F} MI. t:C{EAD02

001:24 -t 00026 1 00033

Ou' 2'_ i;021 00 0 O004T

50"2 _ nb4o 00 0 0004,6

00,2d" _b74 O0 2 00052

00(:3_ _'z*'0 O0 0 0004,_

(0:._1 -0.;,2(, 00 0 00042

b0! 32 (u20 b0 0 00022

_0 _ }_ :)t_r'l 0', 0 n9051

O0 _4 fl540 O0 0 ,n9q50

OLI' _b 0b I,, uO 2 00052

00t 36 -Cb _,4 c;O [ 00002

Gt:q4 -Oh }4 _O 4, 00004

C3'!41 0,: _3 38 4 00003

uO# 4_ _(ilIllYfllllf

',(J, 4S _'(_. f ? 15('000U;)O

U(). 44 + O_}r);)['!iJ 1 _ 7 / /7

']. 4) +r'.(J" "_O_h"DO0('l

b,% t,_, -2 0O0J? 2 .,0_00

OO 4 [ _ 00(32', 0 00000

IXL LESS22,tt22

GOOF SIA i022

RCHA 1022-1

ISX ERR,2

ADD MI_PLS

ANA MASR

[RA KLAD

LESS22 S[9 [02

RCHA lot

TSX ERR)2

LXD BCREAU-_,I

LX[: BCREAb-3,2

LXD RC!_EAb-2)4

TRA 3)4

_ASR [}Ll OZt(Tl(llll!

MINPLS OCT 0f7/52000026

MASKA OC| 00000b717717

[]NE OC[ 1

I()SPN 0,0,2

1022 [L]RI **,0,22

_[NAKY LAI<D lit;. liCq[AI_O _,

U L} I"i b 0 -- 2 }1 {. ':' ,# 2 _) OI) O00

c..], '>1 © nOOd3 3 00000

[,0 '92 O_r)O 00 0 Q00b2

00053 Ot)_,0 UO 0 00056

t_ ,,4 _;V22 U" 0 '!,061

00cSb Ub?O c } 2 0000|

00J56 oL, qo uO 0 00060 EOFT

00:57 Oo ?4 30 4 )ooo0

t>O'..'6: Of6q ur 0 !11702 BSR2

CO_6I [ _JO:_ul 4 00062 HUT

b0C62 016G UO 0 0].202

bOZA'_ -3 >O007 4 00022

00r_64 0 9740b 4 O00U[ PRINI

O_,r)f, 5 C 074u0 g ]9066

0036& 015126246445 PFSS

COJS; _ 242 [4,56 _6,21

00010 02,60 _, t 456522

_00. / ]. 23b1292124L9

lot [USPN 0,9,2

102 PIE

_R){ TCNA

TEFA EOFT

[KfiA OUI

IRA 1,2

CLA BSR2

CALL EbFF

BSRA 2

TXI *÷L,4,1

BS_A 2

[XL READ)4)/

CALL WRER_,MESS

BCI

ENC

4)].REUU_OANI A2 IN BCREAD
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ASSEMBLY OF BCOuMP SUBKOU] [NE

BINARY CAR[) NO. BCDU_PO0

00005 ENIRY 8COUMP

TRANSFER VECTOR

BINARY CArD NO. 8COU_PO!

u0000 745J25623460 ITES)

00001 0 00000 0 00000

00002 0 00000 0 00000

00003 0 000uO 0 O000C

00004 222324644447

uO005 -0034 O0 [ 00001 BCDUMP SXD

00006 -n634 uO 2 00002

00091 -0_,34 O0 4 00003

00010 0522 60 0 00000

60011 -0534 u3 2 00123

00012 -3 77716 2 00020

00013 ObO0 O0 0 00174

COOl4 0601 O0 0 00[03

00015 0500 O0 0 00115

OOr, 16 0001 00 0 00170

00011 0621 O0 0 00165

00020 -oh]4 O0 4 JO003

00021 0500 O0 0 00162

00022 0622 O0 0 00047

00023 0621 00 0 001[6

PIL

PIE

PIE

bCD IBCDUMP

*-4,1

SXD *-4,2

SXD *-4,4

XEg* SITES}

LXO 83,2

TXL m+6,2,-2

CLA WTBA5

STO DARN

CLA RTDA5

SIQ DARN2

STA ERR

LXO 8COUMP-2,4

CLA BIIf

STD CHAR

STA LASTC

BINARY CARD NO. 8CDUMP02

U0024 0500 00 4 00001 CLA

00025 0734 O0 2 00000 JAY PAX

00026 0402 O0 4 00002 SUB

00027 0154 O0 4 00025 DM22 PAX

00030 I 00001 4 00031 TXl

00031 0534 O0 1 00027 LXA

00032 1 00500 1 3o033 TXI

00033 -0634 O0 1 00126 SXD

00034 0634 O0 2 00126 LOOP SXA

00035 0534 O0 [ 00027 LXA

b0036 0600 O0 [ 00156 CLEAR SIZ

00037 2 O000I I 00036 fiX

00040 0536 O0 1 00027 MORE LXA

00041 -_ 00026 4 00116 TXL

00042 06_4 O0 2 00043 STDRE SXA

0004) 0500 00 0 00000 CLA

00044 0601 O0 I 00156 STO

00045 1 00001 2 00046 TXI

00046 1 77777 I 00047 TXI

00047 3 00000 1 00042 CHAR TXH

1,4

0,2

2,4

22,4

*+1,4,1

0M22,1

*+i,I,]20

W01,1

WD1,2

DM22,1

GP,I

CLEA_,I,I

DM22,t

LASIC,4,22

*+1,2

GP,I

*+1,2,1

*+i,I,-I

STDRB,I,O

BINARY CARD NO. 6CDUMP03

00050 0534 O0 1 00116 LXA LASI=_I

00051 0500 00 0 00164 CLA HDNBIT

00052 0171 00 0 00001 AKS [

00053 -3 00L43 I 00055 TXL *+2,1,99

00054 1 77636 1 00052 TXI *-2,1,-100

00055 0621 O0 0 00157 SIA GP+I

00056 0500 O0 0 00162 CLA BITT

00057 0771 O0 0 O000t ARS 1

00060 -3 00011 1 00062 TXL "+2,1,9

00061 1 77766 l 00057 IXl *-2,1,-10

00062 0601 00 0 00160 STO WORD3

00063 0500 O0 0 00163 CLA BITU

00064 0771 O0 0 O000I ARS [

00065 -3 00000 I 0006/ TXL "+2,1,0

00066 l 77777 1 00064 TX[ *-2,1_-1

00067 -0602 00 0 00160 ORS WORD]

00U70 0534 00 1 00116 LXA LASTC,[

00011 i 00001 I 00072 TXI *+1,1,1

00072 -3 01747 1 00074 TXL *+2,1,999

00073 0534 O0 I 00162 LXA BITT,1
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BINARY CARD NO. BCDUMPO4

00074 ob3q O0 I 00116 SXA LASTC,I

00075 0534 O0 I 00027 LXA DM22,1

00076 -0500 O0 0 00126 CAL WDI

00077 0961 O0 I 00156 ADD ACL GP,I

00100 2 00001 I 00077 TIX ADD11,I
00101 0602 O0 0 00127 SLW CKSUM

00102 0634 O0 1 00025 LXA JAY,I

00103 0766 O0 0 01223 DARN WIBA 3

00104 C 640 O0 0 00161 RCHA OUTPUT

00105 0060 O0 0 00105 TCOA *

00106 0022 00 0 00165 TRCA ERR

00107 -3 O00Z6 4 00112 TXL BACK,6,22

00110 I f7762 4 00111 IX[ *+1,6,-22

00111 0_2_ JO 0 00034 IRA LOOP

00112 -0534 O0 I 00001 BACK LXD BCDUMP-4,1

00113 -05_4 O0 2 00002 LXD 8CDUMP-3,2

00114 -05_4 O0 4 00003 LXD BCDUMP-2,4

00115 0u20 O0 6 00003 TRA 3,6

00116 -0?56 O0 6 00000 LASTS PXD 0,4

00117 0402 O0 0 00125 SUB D22

BINARY CARD NO. BCDUMP05

00120 0622 O0 0 00047

00121 1 00500 4 00122

00122 -0634 O0 4 00126

00123 I 77300 6 00126

00124 0020 O0 0 00062

00125 +000020000000

00126 0 00000 0 00000

O0127

022

WD1

CKSUM

STD CHAN

TXI *+I,4,320

SXD WDI,4

IX] *+I,4,-320

TRA STORE

OCT 26000000

PZE

BSS 23

BINARY CARD NO. BCDUMP06

00156 -020061004040 GP OCT 420041004040

00157 +106020400000 OCT 104020400000

00160 0 00000 0 00000 WORD3 PZE

0016[ 0 00033 0 00126 OUTPUT IOCD WDI,0,27

00162 +20000uO00000 BITI 0C$ 200000000000

00163 +000020000000 BITU OCT 20000000

00164 +000000002000 HUNBIT OCT 2000

00165 0764 O0 0 01203 ERR BSRA 3

00166 I 00001 i 00167 TXI "+Itltl

00167 -3 00007 i 00103 [KL DARN,l,7

00170 0?62 O0 0 01203 DARN2 RIDA 3

00171 0540 00 0 00173 RCHA SKIP

00172 0020 O0 0 00102 IRA DARN-|

00[73 0 30000 0 00000 SKIP IOCD 0,0,0

00176 0766 O0 0 01225 WTBA5 WTBA 5

00175 0762 O0 0 01205 RTDA5 RTDA 5

END
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APPENDIX C

CORRECTIONS TO THE IBM 704 PROGRAM

On page $3_ replace card number 0384_ statement number 729 with:

729 EQRAT = 0 F*VXMIN + VFMIN

IF(E0YmT) 9o5o,745, 9o5o
9o5o E0_AT : ABS_( (0 F_VXPLS + WPLS _/_0_A_)

On page 61, insert She following statement between card numbers 1279 and

1280:

DEL _(j.l: 0.0

On page 62_ replace card number 1418_ statement number 1126 with:

IF(EN LN(J'))2125, 1126 2125
2125 p : p + _xPF (_ L_(J)_
1126 CONTINUE

Also_ replace card numbers 1461_ i_62, and 1463 containing statement numbers 149_

150, and 15i, respectively, with:

149
2155
2154:
2155

2157

150

151

3153

315_

3155

3156

3157

I_' (COEFT(&,J)-TI 2153,170,170
IF (EN('J-1)) 170,153,2154:
IF (COEFT(&,J)+100.0-T) 2155..2155,2157
EN(J)--_(J-1)
cans BYPASS (j.,3)
J=J-I

C.O TO 3156
EN(J-1 )=EN(J-1)/2.0
E_(J) :E_ (J-Z )
T LN=LOGF(COEFT(4,J) )

CALL BYPASS(J,5)

GO TO 4:2

IF (C0_ST(5,J)-COEF'_('_,J+l))_53,151,153
IT (T-COEFT(5, J)) 3155,170,170

]:F (EN(_+I)) ].70,153,3154:

IFIT+IOO_)-COEFT(5, J)) 3155,3155,5157VN J)=EN(J+1)
C_L BYPASS( J, 3 )
J=J+l

CALL BYPASS (J, 2'}

_(j)=o.o
DEL N(J)-- 0.0
GO TO 4:2

EN( J+:_ )=EN(J+I )/2.0
EN (J') =EN (j.+l)

CALL BYPASS (j., 5 ]
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3O9

GO TO _2

On page 63_ replace card number IS29 with:

IF (Ho(J)- s(J) - Ko(K) + S(K) - DET__(K))iG_,16_,170

On page 84_ replace card number 1709_ statement number S09 with:

PeP(2s) = Pep(IADD)
!ADD = 25

On page 73 following card number 2G23_ insert

TC = 0.0
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APPENDIXD

SHIFTFUNCTIONS

ALS

ARS

LLS

LRS

FAP
SHIFT FUNCTIONS
COUNT S
LBL SHIFT, N
ENTRY ALS
ENTRY ARS
ENTRY LLS
ENTRY LRS
BC! i, SHIFT
ARS 18
STA *+5
XCL
LDq -i
ALS **

STQ -I
TRA i,

ARS 18

STA *+5

XCL

LDQ -i
ARS **

STQ -I
TRA i, $
ARS 18

STA *+5

XCL

LDQ -I
LLS **

STQ -i

TRA 1,4
ARS 18

STA *+S

XCL

LDQ -i
LRS **

STQ -l
TRA I,
END
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TA:qTE T - T}[}< _{ETL:A/ !_(RE]<T !!:}{F_]C,V, NC}{ ASS24L'[G E<_U:L!I{R:UM 70ME!;_{_T:(]_ IL]RTNA IC<PA_I?:CN AT 'RH;TF{/,R:LY

ASSIGNED EXiT [RHSSUF{E RATIOJ

CASE N[]. 122 [O00.O ?.%OC

NI FRACT IItN LNTHALPY SLAT[ TENP I Lr_hlIY

CH[MICAI. FPR_tJLA (_FF N[iTF) CAL/_E]L DE<, K G/_.C

FUEL _4 2 li _ C 2 _.50C00 [2 I _.P, O0 t 298.1b ,;. th_ [00

FUEL I¢ 2 H 4 O.%OuCO I?O%C.L]O0 t 29}_. 15 l.Ot _5C0

OXIDAql F ? t. :iO_OO -JO_O.,q _2 t R5.24 I.b_ CCi%

[]/F I 2obO0000, PERCLNI [I)[[: 2_I.'_7[t*, Ft, UIV%IF_C[ lU-ATI[) : l- zt}lSq , I)[NS[[Y- J.,)_g2

PARAMEIFRS

Ct!AMI_[q

PC/P l.OOg

Pi ATM &8.C%

THRI AT EXIT FXII EXIT _If FXlI EXIT i XLI EXll txll

i. t',3 _.-IO(] I0.000 _C.O00 lOn. Ooci Jo0.OOC lOOO.O00 ]O00.Ooo ICJO0.O0 _0000.00

38oP_ 22._)8 G. @(]b 2o?_8 Q. O:_r:_5 ,o. 225F{ 0°0680 O.(J21# <:. ,]0(_8 0o002_

T, []EG K z_4.LF, 6[z÷| _}{g7 :]5]6 ]1i![ _'/'00 2222 Ilz'b |Sb_ 100H 7b|

H, CAL/G 27.C -20]. J -z*OS. 9 -,_25. [ -1160.1 -|416.ti -]71_.6 -[122.2 -2069.9 -2 | 9,_.0 -2Z//.]

b) CAL/(G){K) 2.?_5_ 2.7_%_ 2. 1363 2.¢_55 2./_b] 2. l:_5] Z.7_5_ 2.tit" 2.11b I" 2.?]5] 2.?_5]

M, M(]L _,[ 23._88 20.Ii'_ 21.H6f 21.612 22.[5Q 22.4_£] 22.69| 22.791 22.T'){_ 22.196 22._96

(P,I Pv/[ I Pl ] O.O_L% O.Cl2 _q3 0.0_76g O.b?tZb O.u09 t" _ 0.002 tr_ 0.0C789 P.OOS[2 9. -:'.00090 O.

(I!L_ILLT)P -0.5_92 -O.4bt7 -0. P,18 _ -0.z, 988 -0.2 _'fr" -O.ObPR -0. [)(_45 -0. :)0 J,{ -O.OOul -o. O000 -O.O000

CP, CALI(G)(_) |. _0', i 1.2(]4T 2.25|0 1.5940 [.02(,4 0.Sz, I_% 5.'J?12 O. Jgft O.]6bf ,3'. _W 7 7 O. ]]Sg

GAMMA 1.1654 t.t6_ 1.1122 1.122U 1.1,,44 1.2116 L.2?t( [.2R8< 1.)l _(3 |.]]41 [.3535

_ACH IqUW BFl_ O. l.(O0 1.4bO 2.164 ,'. ( <1(, _.2t_ 3.qt? 4.46_ 5.204 6.154 ?.ll|

CSTAR , _ T/SFC 6H4b 6£40 6866 b_.g6 6}{66 (_F_g6 GH_£> b_66 06_6 6g&6

CF Q. bf,5 O. 915 t. 2_© I• 510 I. Ino I . R29 I . _ _!, 2. OO ! 2. ebb 2. tO4

AE/AI l.O_O 1.158 2.4]g 5.g46 [3.49 :tO. O_ _b.b_ 169. _ 4D_.6 9UR.9

IVAC,LH-%FCILh 26].2 216.9 _24.1 _6O*O _;D. 4 4LC.Q g2_* ) 4_9.2 4_',8 •2 454.2

I, tf{-StLlt!_ . 141.6 19_,.R 272. i J2L.4 361.7 _9.2 4tl.g _27.2 z+39.5 4,_,7.d

0[RIVAIIW S

I)LI/ULPC)PC/I' 0.012_0 0.(,1191 O.CIO']_ 0.,)C_/5 O.OO?_ _, O.O35VR f,. ,_z+:i_ :). 3ILl 2.7022] C.30lb2

VLI/ILP(,)PC/P _,.]4OG( 0.C3505 O.<_]tt 0.0255] 0.01¢,50 -0.Q0126 -O.09tO/ -0.c2412 -0.026!!4 -3.02824_ -3.3292]

ULARI[)LPL]PC/;' -<:. -0.003|5 -O.C04t6 -o.rqlZ|b -3.02_]1 -0.02t16 -C.D}gz,_ -F5.C40/7 -C'.O_I2] -:3.3_162

I]LCS/I>LPL)PL/W .Pit t6, _.r 1[:7/, 0.C'1076 0.01,3/6 O.O13t6 O.Otr'lq 0.' 1015 0.3L07_ U.OL076 U.010/6

iJ.12 _21 b.t427_ O.[bblb O. |6q'*[ b.17]RJ O. |7969

tlLl/IHC)P(IPt C.17)5_ .I141';1 O. lOO6O C]. 14296 0.2Z06[ b.('ldll [J.42<w, 7 0.%166% 9.6[q22 L.65l]2 3.67420

I)I AFe/I)HC )p(/H* . -C.Q_074 -0.041_,7 O._;lg t*_ 0.17221 c.|751] O. 2,44dq O. 515,:(_ [.3_870 U. _bb,RZ

DLCS/DHCIPC/P* I 3_419 C.1_879 0.1_R79 O.I]R/9 O.l_79 O.l_R7q 0. I _Ft l-J 0.1_£19 0.11879 3.L]Blq

• (HC IN KCALI(;)

IDLIIDLPCP)% 0.,q591 z* C.z. 2165 C. I_025 Q.12920 0.07_38 0.05q92 C.CI {_0 { 0.02812 0.019/B 3.:14z, 0

(DLT/DLPCPIS -0.| l_4i_ -f}.llb'_ -?.01620 -0.08611 -O.10900 -O.t/lg_ -C.lH,9] -0.22284 -O.2:i_g_*O -'<,.2bOl_ -0.2b_b5

(DLARI[]LPCPlS, C. C'._I748 C. 7009[I 0. 75](_t U. li,[SR g. _5F_64 C.I_7]? 0.1)348 C.129_7 0.72695

MOLE FRACIIOr_%

CI(G)

C2(G}

C_(G)

CIF|IGI

CLF?IU}

EIF](G)

CIF_(b)

CIHL(G)

CIH2(G)

CIH]((,)

C2H2(O)

CINI{_)

C?r_ZIO)

FL{G}

F2_G)

HI(G)

H2(G)

HICL'JLI(;)

H|FL(G)

NI(C)

N2(G)

NtFI((,)

NIHIIG)

C_1%)

r_.on }i f 0.002/_, 0.0c15 _• 0.CC052 O.O00to C. C. O. O. O. O.
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0.{)|0I% r .007_'9 &.00%44 O.O::I_)B O.O0lbh O.C]O0[ ] (,'. O. ,3. L. O.

0 .[1| cl4 f O.Olgt_ _, (?. ] [;99,_ O.t,105_i I'). OC 4b? @.C)Ot 59 O. OOCO] C. O. U. O.

0.6_,91 g ©.69020 _).11195 0.?7291 O. 7:tb22 C. ?z*Hb _, (,.7>650 0.?606| 9.163I z+ _:. 76G 7'4 O. 1607_

O.O<O?q 0.000]5 O. O00C rl r). D:)O:) _ O.O00UI U. O. O. O. i . [J.

O.lO_O O. I IU_IO O. || _FiO 0.[7411 0.1_2_4 0.1_2 _ {'-14'010 0.14,104 3.L41L[ ,_.lt*_ll 0.1"1ll

OonNO( [ r). O. O. Oo q_. U. O. O. Ç' . O.

0.000C5 O.CCO ;2 CI. ]OOC l L'). O. J. {. n. O. J. Oo

O. _. I. )_214 O.o_4b O.rlHl04 O. r)9445 0o094b_ O. _<_,25 0.09_2 ; C .09_2q 9.09_29

AI)II[TIt]hAL PRI_F)LCTS whICH WFR_ COe'_%IOEI{ED _[T ,HFIb c NtJLE fRACTll]NS _r-_,[ LEg% IIIAN 3.0,3000") [F_,_ ALL ASSIGNED CONI) IIILINS

C1H_,Ii,) C2H4(G) Nil >(C;) NIf _(<_} °;2F?{kT) N?[g(OI NLI!_(G)

LNPUf, G-A TOF4S/G

EHtL .<* ? _ !'_! -Ol Co I _95_-@0 _]. ILI_ _qL -I:'1 r_.

P X II A',I • C¸. O. L. 526JI 5 L_L-O [

P_I_'}LI _ Jl _(_ i _ _l (;. e g4%6_-' ] }. 4?<_gz_t-U2 • _/b_')_[ -0[

CA%F i ¸ . !22 [" _.1 _.'>OP ¸
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CAS[ Nn. 12'2 L003.0 ?.53F

IUFL _I

f)_II:A'_T F ?

PARAPE[_KS

} :P i ?[ [[I !4 1/_[!LE

_l FRACT Ir!N E',iTHALPY SIAIF IFWl > I_FNSI IY

(SIE N141_) C_L/_[]L UEb K l,IL£

0.500£(3 121%_._00 L 79_.I5 _.I_6100

O. 500t_O I2050.000 L 2_. Ib I.O_]600

1.00u0G -_0_0._92 L _b.24 i ._>_0000
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PC/P
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IVAC_LS-SEC/Lt_ 2_.2 _2%.5 386.7 _81.] _0_.4 _06.3 616.5 _20._ 426.I 4]2.2 448.4 449._

l, L_-SFC/LR , 141.6 21_.2 _16.9 _69.6 _65.? _83.[ _96._ 402.2 4_6.6 _t7.7 _35.6 64t.8

DERIVATIVF3

DL I/I_LPC)PC/P 0.012_0 q. Oln_18 O._O�qc O. _0880 0. O014z_ £,.006]3 0.0085_ O.O05L_ 0.00_,80 0.00_92 0.00252 0.0020_

[ILf/ULPC)_C/I' O.OZ, O0! 0.03805 0.02%24 0.01595 0.00080 -0.00_86 -v. OO4}'T -0.01295 -0.01811 -0.02J_9 -0.02568 -0.027T5 -0.02852

DLAI_IDLPC)PC/_' -0. -P.00698 -O,OIII_ -I].02211 -0.02957 -0.025T8 -0.03186 -0.0_821 -0.0_I68 -0.0_0_8 -O.ORL04 -0.04t3_,

[_LC_/[ILPC_PCIP O.OIOT6 0.0L{]76 Q.OLDT_ 0.01016 0.810]'6 Q°QL(]?6 O._LQ76 O.]tOt6 B.01016 0._1016 0.3LG/_ O°OL3T(_

_,LI /UHC I PC/P* 0.i_b04 O. I IIJ82 O. II I]._ O. I2408 O.I_L_I 0.14001 0.166t6 O. 16923 0.151_5 0.18902 D.lll[5 O. [1544

IUL T/I}HC ) PC/I,[ O.IT_5_ 0.I_197 0.1668[ 0.?095] 0._3665 0.4_<_09 C.41697 0._,I_6 0.%175_ o. 56157Y 3.59682 0.56304 0.65188

I f)L_/I_I_C I PC/P* O, 0.0_99] 0.010]_ _1.I07_ O. 18_I 0.1602_ _./!]680 0.2400? D.26]T8 0.29957 0.]3010 0.]_382

I DLCS/I!IiC ) PC/P • C.I]819 _. 13_79 0.1_819 0.I_819 0. I_79 O. t _8}'9 O.I_BI_ 0. I]87_ 0.i_879 0.I]819 0.I_87_ 8.18819

(['L I /LiLPE_) S C._5_14 O. 18_78 0.125_? 0.090a6 0.01t_65 0.06061 0.¸i05060 0.0_61_ 0.06Z81 9.0_480 0.022]? 0._1826

IULIIULP_PI8 -0._0 -_._IbS7 -0.08121 -O.105TO -0.I_5<]0 -0.IT_22 -O.|T_B_ -0.1_91_ -0.2085_ -_.21356 -0.2299_ -0.76_60 -0°25_25

II)L_/I)t PEP ) S, I_. O. /0406 0.1510_ 0.15_66 6.1_d81 O. I8606 O. 7540_ O. fTTO0 0.16114 0. I_50_ 0.13t2] O. Y2840

_LE FR_CIIONS

CIIG)

C2(GI

C_(_)

CIF_(0)

CIF2(5)

CIF_I(,I

CIF416)

CIHIIGI

CIH21G_

C2)_2IGI

CINI(GI

C2N2[GI

F[(G)

F21G)

HIIG)

H2(GI

HICINLIGI

HIFI(01

NI(G)

N2{6I

NtFII6I

N[HIIGI

CIIS)

0.08511 0.60226 0.000_0 O.ObOl] 0.}0901 O. O. O. O. O. O. O. O.

O.OOp75 0.00242 0.00046 0.00008 0.00001 O. O. O. O. O. D. B. O.

0.03{43 0.C0491 _.06180 0.30040 O.O00i_ O. O. O. O. 0. _. O. O.

0.006't_ O.OO8FZ 0.00114 0.0005I 0.b0015 D.oOrJQ5 O.00001 D. 0. C. O. O. 3.

0.00222 0.00230 _!.00100 O. }008I 0.080W 0.00631 0.000]8 O.GODI _ 0.00036 0.00002 O. O. O.

0.0001[ 6.00032 O.O00I] 0,0000/ 0.00008 0.0002_ 0.00096 0.C0085 O.O00bi{ 0.000]8 0.00001 Oo O.

O. (!.COCOt O. O. 0. 0.00_04 0.00084 0._024R 0.003d9 O.UOJ_] 5.00580 6.00586 0.00986

0.800_ O.E,0011 0.05002 O. O. O. O. O. O. 0. O. O. O.

0.00010 C.C0006 O.OdO)t O. 0. O. 0. 0. O. 0. O. 0. O.

0.000CI t. O. O. O. O. U. 0. O. O. O. O. O.

0.002_1 0.002_2 0.0C_5 0._0022 U.uoOO2 O. O. O. O. 0. O. O. O.

0.04162 0.0402J O.Ol_Jt? 0.[)0812 0.00255 O.OOOT_ 0.00010 0.00001 O. O. O. O. O.

0.001_2 0,C0129 O.O001_] 0.[;0029 O.(lOOOl 0.00002 O. D. O. 0. O. 0. O.

O.C)SR_ 0.C14_4 _.0_64 0.02088 0.01815 0.01662 0.0084] D.QO?6_ 0.00121 L.00086 0.00008 O. 0.

0.0000I r. Q. O. O. O. L. O. 0. b. O. Oo 0.

0"05_6_ o'clzdS8 0"0t_6I 0.001_I 0.00212 0.00067 0.00005 CI.(;O00I O. []. 0. O. 0.

O.OlO_5 O.OO/T_ 0.00{_2 O.QQI7_ 0.00Q_ 0.00008 0.0000[ O. O. O. 0. O. O.

0.0196T C.01063 0.010_5 O.J05IO 0.00152 O.O00_q U.00005 C.O000I O.O_ObI C. S. 0. O.

0.6601q 0.69620 0._23]4 0.{_3_ 0./4516 Q.I_462 0.15632 C.75869 O.TSqdl 0.166_2 0./_01[ 0.160_4 0._60_4

0.00028 0.00015 O.O00{t] C.(_O00I 0. 0. 6. O. O. c,. O. O. O.

0.138{0 O.IIO_O 0.12_62 O.I]l// OolJ6q6 0.1_62 0.[3986 0.1_012 0.140_6 0.14L33 O.I_llO O.t6tIl 0.14111

0.00001 O. O. 0. O. O. O. O. 0. _. O. O. 0.

O.O000b t.OOD02 O. O. O. 0.00000 O. O. O. O. 0. 0. O.

O. 0. 0.056_8 0.3180[ 0.)91_0 0.89_95 0.09499 0.09460 0.09_20 D.09426 0.09427 0._8629 0.07_2_

ADDITIONAL PMUDUCTS WHICH WERE CONSIDER[I) t_tJ[ WHDSE MULE FRACTIONS WErE LESS IH_N 0.000005 FOl< ALL ASSlOIEfl CONDI[IONS

CIH4(G) C?t_61G) N1F21G) NIF_(CI N2F2(GI N?F4(60 NI_IGI

INPUT, G-_TUMS/(I

N H C F

FUEL 0.8184158E-01 0.178089_E-00 0.I6638_8[-01 O.

OXIUA_ O. Oo O. 0.826_188E-01

PMOPELL_NI 0.1_66902E-0I 0.]68456<_F-01 _.R18882_F-07 0._159808F-01

C_SE NIl. L?? 1000.0 2.800

NOTE. _EIGHI F_AC[ION QF FUFL IN fllfAL FULLS AND QF _XIDANT IN TQTAL O_ID_NIS

T5



i

0{:3

r-.,- 0 u"_

1.,_ L._ • • • t..J

u- 0"

<r

_'_ .j..J -,

>- d 0

_-- I a_

o c-, o LJ

t'.--

0

0

_ •I'4

0 I

_ 0_ _ r4 -'_ _ _

,_._ _

OI

_0 •

ol

Orb •

..4

D

,,L

,¢

g

.4" ,4" C" 4" u'_ m_ ',t" _ _,¢, __" :3" I'" _"t_ 0 _ 0

• • I • • • • • • • * • • • i i • • • • • • •

000o J _ 04" 0 '_ _ 00 ,"- 00

• • * • • • • • • * • • • • • * • • • 0 • • *

0"00_0 04- 0 "3 ¢c ."30

• • , • • , • , • • * • , • • • • • • • • • •

,_00oo oO o-¢o_ _00 oO o

_00ooo c:c ooo_ oO 0 ,.0o_ o
• • • • * , • • * 0 * • • • • • • • • • _ • *

cD o .} o E) (D "Do "34" _ _ ..D <) _ _ 0 ,D o

• • • • • • , • , , , • , • • * * • • , • • ,

0 o 00 o o o o ,_. o o o _ rD o o o c_ r_ o o c_ _

• • • • • • • • • • • • • • • • • • • • • • •

(JOL}OOO oo -_o jo_oo_J,co_ o
• * • • • • • • • • • • • * • • , • • • • • *

o c, o C, c_ o __: o "_ o o C." - CO_,OOL_O& O_

(_ (J o c u cJ o 0 _ L., :D c__ '._ {_ ,0 ,.._ __ c;
• • • • * • * • * • • * • • * , • * * * * • •

0 _ 0 c2 o 0 '.-' _ ,:_' _ 0 c ¸ _±) _ c_ L_ <_ -,3 _ _ ._
• • * • • • * • • • • • , • • • • • • • 0 • •

LO

#
"D
,J

L_

v_

..j --

a_

o

o g

Z-

1.
-- m

I_ c3

_ J M

u.,

C3 Z _ _

c_

,_, .- c. -.0 4" <:

Z

"-(6



H

0

l

C

b"

' i

b'3

0
e-t 4-_

r_

i

t

.i
0 _

ko
v

t_

tO

_a h0

a_ r'.H

4_ m

0 _

,%

,%

!

i
o

©

C

_1 i o r-t _ r-I

.............. --

_ o
0 o
H
r_ _ o
o o

i r_ %

i m o

_o_

¢' H%

'x_ ._ o

hO0_
o ._0_

H ooo_

0 _) _I _I _D
_arH_

o_£_

i I

0 I
o

_2

0

77



E_

0
H

0

I

H

r_

E_

o_

O4oO
_rb_

_0

_J

4_

o

_o_

o_

I
I

0 co H

to ' o t_ t_

_00000_

_ _ _ LO oo_o_o_00 I cO000
_ _ _ SOLO _0_00

0 0 ,-4 0 Ol

fYl i

p-.

0

0

I

d

d
t_

o

4_

bO

o

o
4_

_o

o_

4_

5

o

o

_J

7 8 NASA-L,mgley _963 E-2040


